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Cyclical Thrombocytopenic P. urpura 
Related to the Menstrual Cycle 


Report of a Case with Review of the Literature 


HERMAN PEPPER, M.D. 

DANIEL LIEBOWITZ, M.D., Redwood City, Calif. 
and 

STUART LINDSAY, M.D., San Francisco 


Essential thrombocytopenic purpura with 
purpuric lesions of the skin occurring during 
the menstrual periods is an uncommon dis- 
ease reported infrequently.' 

The present report is concerned with a 
young woman having intermittent episodes 
of purpura of the skin occurring during 
menstruation. An extensive study of the 
variations in the level of circulating platelets 
during many menstrual cycles is reported 
here. 

The purposes of this report are (1) to 
describe the clinical and laboratory features 
of this patient with essential thrombocyto- 
penic purpura occurring mainly during men- 
struation and (2) to discuss briefly (a) the 
relation between purpura and menstruation 
in normal women and in those with thrombo- 
cytopenic purpura ; (>) variations in platelet 


Submitted for publication Sept. 19, 1955. 


Supported by the Research Fund of the Sequoia 
Hospital. 


From the Medical Service and Laboratory of 
the Sequoia Hospital, Redwood City, Calif., and 
the Departments of Medicine and Pathology of the 
University of California School of Medicine, San 
Francisco. 


levels during the menstrual cycle in normal 
women and in those with essential thrombo- 
cytopenic purpura; (c) abortion, neonatal 
death, and postpartum hemorrhage in essen- 
tial thrombocytopenic purpura, and (d) rela- 
tionship of platelet levels, capillary fragility, 
and purpura in essential thrombocytopenic 
purpura. 
REPORT OF CASE 


In 1943 a 19-year-old white housewife had two 
pregnancies, each of which terminated after 14 
weeks in spontaneous, complete abortion. There 
were no complications. In 1946 a third pregnancy 
ended in the normal delivery of a healthy infant. 
A fourth pregnancy, in 1947, was terminated by 
normal delivery. Four to five weeks later, however, 
a purpuric rash limited to the legs appeared and 
persisted for three to four days. In 1948 a spon- 
taneous complete abortion occurred at 14 weeks of 
the fifth pregnancy. Four weeks later, purpura oi 
the legs again occurred and lasted for five days. 
The sixth pregnancy, in 1949, resulting in a normal 
delivery, was followed by severe uterine hemor- 
rhage. Six weeks later, a purpuric rash of the 
legs was again noted. It persisted for three to five 
days. The seventh pregnancy, in 1951, terminated 
in a premature delivery (32 weeks gestation) with 
neonatal death of the infant. Four weeks later, 
postpartum purpura on the legs again developed 
and disappeared after five days. 

The patient was first seen by one of us (H. P.) 
during her eighth pregnancy, in 1953. Delivery of 
a healthy infant at term was followed by a severe 
uterine hemorrhage requiring curettement and 
transfusions of blood (Table). Simultaneously, pur- 
pura of the skin appeared and persisted for one 
month. A clinical diagnosis of essential thrombo- 
cytopenic purpura was made at this time. A regular 
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Purpuric Manifestations During 
Ten-Y ear Period 


Duration 
Preg- Complica- of 
nancies Result tions Purpura 
1943 Abortion at 14 wk. None None 
1943 Abortion at l4 wk. None None 
1646 Normal delivery None None 
1947 Normal delivery None 3-4 da., legs 
1948 Abortion at 14 wk. None 3-5 da., legs 
1949 Normal delivery Severe 3-5 da., legs 
uterine 
bleeding 
1951 Normal delivery None 3-5 da., legs 
with neonatal 
death 
1953 Normal delivery Severe 1mo., skin * 
uterine 
bleeding ; 
blood 
transfusions 


* Generalized purpura of skin for 1 mo., followed by 
intermittent purpura during menstruation on 3 occasions, 
followed by spontaneous remission. 


menstrual pattern was reestablished 11 weeks after 
this delivery. 

For the next six months intermittent generalized 
purpura occurred with other menstrual 
period. The purpuric rash invariably began during 
the 24-hour period preceding the onset of menses 
and disappeared within 48 hours after cessation of 
menstruation. Following the third episode of pur- 
pura, the disease remitted spontaneously. Repeated 
physical examinations always gave normal findings 
with the exception of the purpuric lesions of the 
skin. 

The Table summarizes the eight-year history. 
characterized by five attacks of localized purpura 
following delivery and three episodes of generalized 
purpura of the skin associated with menstruation. 
Since the purpura seemed related to the menstrual 
and postpartum periods, detailed laboratory studies 


every 
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were undertaken subsequent to the delivery of the 
fourth infant. 


METHODS AND RESULTS 
Platelet counts of capillary blood by the 
Rees-Ecker method * were performed at two- 
to five-day intervals for the first three 
months.* Most of these counts were carried 
out by one technician. Alterations of the 
platelet levels at these intervals were minimal 
(Chart 1), and significant variations oc- 
curred only during ovulation and menstrua- 
tion. Therefore, platelet counts were per- 
formed for the next eight months only before, 
during, and after ovulation and during men- 
struation. The time of ovulation was deter- 
mined from a record of the basal body 
temperature. It was observed that the platelet 
counts dropped to the lowest level at the 
time of menstruation (12,000 to 30,000 per 
cubic millimeter) and reached the highest 
levels at the time of ovulation (46,000 to 
72,000 per cubic millimeter) (Chart 2). This 
cyclic pattern remained constant during the 
entire period of observation of eight months. 
Chart 2 also demonstrates that the purpuric 
rash appeared with alternate menstrual pe- 
riods during the first four months of observa- 
tion despite a significant decrease in platelets 
occurring during each menstrual period. 


* The normal range of platelets in this labora- 
tory is 180,000 to 350,000 per cubic millimeter. 
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Chart 2 


Biopsies of the skin of the thigh were 
performed during two ovulatory and two 
menstrual periods. Except for perivascular 
hemorrhage observed in the biopsy specimens 
obtained during the menses, no differences 
were noted. The amounts of mucopoly- 
saccharide in the corium and the appearances 
of the capillary walls including the basement 
membranes were similar during the two 
periods. 

The sternal bone marrow was examined 
on two occasions. The myeloid and eryth- 
roid cells were normal. Normal numbers of 
megakaryocytes were observed. These cells 
appeared to be forming platelets in a normal 
fashion. 

Additional laboratory procedures were 
done at frequent intervals. The red blood cell 
and hemoglobin levels were normal 
following postpartum hemorrhage. 
blood cell counts and differential 
were within normal limits. Coagula- 


counts 
except 
White 
counts 
tion time (Lee-White) varied between three 
and five minutes, and the bleeding time 
(capillary) fluctuated between four and 
seven minutes. Clot retraction was usually 
complete in 11% to 24 hours despite platelet 
counts as low as 15,000 per cubic millimeter. 
On two occasions retraction was incomplete 
at 24 hours. The Rumpel-Leede test for 


capillary fragility was always strongly posi- 
tive. Prothrombin concentration and plasma 
ascorbic acid and serum mucoprotein levels 
were within normal limits. Urinary 17- 
ketosteroids, 17-hydroxycorticosteroids, and 
follicle-stimulating hormone levels were nor- 
mal and did not vary significantly at different 
phases of the menstrual cycle. 


COM MENT 


1. Relationship Between Purpura and 
Menstruation in Normal Women and in 
Those with Essential Thrombocytopenic Pur- 
pura.—Minot * described intermittent essen- 
tial thrombocytopenic purpura occurring 
during menstruation and followed by spon- 
taneous remission. Our case clearly follows 
the pattern he described. Menstrual purpura 
occurred on three occasions and then spon- 
taneously disappeared. 

This “intermittent menstrual type” of 
thrombocytopenic purpura illustrated by 
these cases should not be confused with a 
purpuric rash associated with menstruation 
in women with normal platelet levels. The 
latter condition is regarded as vicarious men- 
struation represented by ectopic hemorrhage 
into the skin, and is known as “dermatosis 
dysmenorrheica symmetrica” of Polland.+ 


+ References 3 through 5. 
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A number of observations have been re- 
ported which relate hormonal activity to the 
functional state of blood vessels. Brewer ° 
suggested that generalized vasospasm and 
increased capillary permeability occurring 
for two days prior to menstruation and on 
the first day of the menstrual period might 
explain vicarious menstruation manifested 
by a purpuric rash, and furthermore that 
vasospasm might be the result of high levels 
of estrogen or of “menstrual toxins” de- 
scribed by Macht.’ Landesman observed 
vascular constriction, capillary ischemia, and 
retarded blood flow in the bulbar conjunctiva 
of normal women during menstruation. A 
relationship between adrenocortical activity 
and capillary fragility was recently demon- 
strated by Robson.® This observation was 
confirmed by Faloon,*® who found that 
administration of adrenocortical hormones 
decreased vascular fragility in thrombocyto- 
penic purpura regardless of etiology. Thus, 
alteration of vascular permeability resulting 
from these hormonal effects is undoubtedly 
related to the pathogenesis of thrombocyto- 
penic purpura occurring during the menses 
or in the postpartum period, since the same 
degrees of thrombocytopenia may be observed 
with or without purpura. 

2. Variations in Platelet Levels During 
the Menstrual Cycle in Normal Women and 
in Those with Essential Thrombocytopenic 
Purpura.—Genell** and Pohle described 
a consistent decrease in platelet levels in 
normal women at the onset of each menstrual 
period. The platelets were at their lowest 
levels during the first day of menstruation 
and gradually increased during the following 
two weeks. Although our patient had abnor- 
mally low platelet counts throughout her 
cycle, the same relative decrease in platelets 
occurred during menstruation as had been 
observed in normal women. It appears, 
therefore, that the same mechanism may 
cause decreased platelet levels in normal 
women and in those with essential thrombo- 
cytopenic purpura during menstruation. 


Although there was an increase in the 
number of platelets following menstruation, 
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neither Genell '' nor Pohle '* correlated this 
finding with ovulation. With the basal body 
temperature as an indicator of ovulation, we 
have shown that the platelet levels in our 
This 
pattern was consistent during the entire 
period of observation. The 
platelet levels during the menstrual cycle of 
normal women are being currently studied 
in this laboratory. 


patient were highest at that time. 


variations in 


3. Relationship Between Abortion, Neo- 
natal Death, and Essential Thrombocytopenic 
Purpura.—Prior to the establishment of a 
diagnosis of essential thrombocytopenic pur- 
pura, this patient had three spontaneous 
abortions and delivered one term infant 
which died 14 hours after birth. These fetal 
deaths may have resulted from thrombocyto- 
penic purpura in the fetus, following transfer 
of platelet agglutinins through the placenta, 
a concept described previously in reports of 


13 cases. 


4. Relationship Between Postpartum H em- 
orrhage and Essential Thrombocytopenic 
Purpura.—Thrombocytopenic purpura with 
severe postpartum hemorrhage as its first 
manifestation has been described by Urban- 
ski and Hutner.* Our patient also had post- 
partum hemorrhage on two occasions which 
required curettement and blood transfusions. 
The last postpartum hemorrhage occurred 
one month before the diagnosis of essential 
thrombocytopenic purpura was established. 


5. Relationship Between the Platelet 
Levels, Capillary Fragility, and Purpura in 
Essential Thrombocytopenic Purpura—As 
shown in Chart 2, purpura of the skin did 
not occur with every menstrual period, but 
appeared only every other month. The level 
of platelets, however, dropped with every 
menstrual period. This lack of correlation 
between the appearance of purpura, capillary 
fragility, and platelet levels is not unusual and 
has been reported previously by Leschke,** 
who described a 14-year-old girl with severe 
purpura hemorrhagica requiring five trans- 


t References 13 through 15. 
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fusions. The platelet count was 2000 per 
cubic millimeter, but the Rumpel-Leede test 
was normal. He also reported the case of a 
22-year-old woman who had profuse bleeding 
from the nose and uterus. The platelet count 
ave .ged 3000 per cubic millimeter, and the 
bleeding time was 45 minutes. After hyster- 
ectomy and ooph: -ectomy, the platelet count 
remained low and the prolonged bleeding 
time persisted. In spite of these findings 
purpura did not appear until two years later. 
These cases demonstrate the indefinite rela- 
tionship between capillary fragility, platelet 
levels, and the occurrence of purpura. 


SUMMARY 


A case of essential thrombocytopenic pur- 
pura in a young woman is reported. 


Although the platelet count was constantly 
decreased during the period of observation, 
it was always at its lowest level during 
menstruation and at its highest level at the 
time of ovulation. : 


Purpura of the skin occurred post partum 
and intermittently during three menstrual 
periods. 

The relationship between purpura, men- 
struation, and platelet levels is discussed. 


ADDENDUM 


In February, 1955, the patient again be- 
came pregnant and aborted spontaneously 
after 12 weeks. Bleeding was not excessive 
and no purpura appeared. At present 
(August, 1955) the patient is pregnant 
(eight weeks). A therapeutic abortion and 
tubal ligation are planned. 
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It has long been recognized that blood 
transfusions help control the hemorrhagic 
crises of hemophilia and those hemophilia- 
like diseases which we* have called the 
hemophilioid states. Lane,* in 1840, was 
probably the first to employ blood transfu- 
sions for control of hemorrhage in a patient 
with a bleeding diathesis. Since about 1910, 
transfusions have been given for this purpose 
with increasing frequency,’ until today they 
are commonplace. The development of a 
therapeutic regimen has been largely empir- 
ical, since the pathologic physiology of hemo- 
philia has been poorly understood until re- 
cently. Only within the last 20 years has 
there been general acceptance of the thesis 
that the essential defect in hemophilia re- 
sides in the plasma rather than in the formed 
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elements or in the vessel wall.* Today most 
investigators agree that true hemophilia re- 
sults from the congenital deficiency of a 
specific plasma protein, antihemophilic factor 
(AHF), which is needed for normal opera- 
tion of the complex coagulation mechanism. 
The severity of the disease is relatively con- 


stant in a given pedigree and is dependent 
upon the degree of the AHF deficiency.’ The 
beneficial effect of transfusions in promoting 
hemostasis is dependent upon the AHF con- 
tained in the donor plasma. 

In recent years a number of hemophilia- 
like hemorrhagic diseases have been recog- 
nized—the hemophilioid states.’ Like true 
hemophilia, each of these states appears to be 
due to congenital deficiency of a specific 
plasma protein required for one or another 
step in the coagulation sequence. This paper 
deals only with transfusion therapy of true 
hemophilia uncomplicated by anticoagulants. 
Certain of the principles outlined appear to 
apply likewise to at least some of the hemo- 
philioid states. 

In the pentad just past, new quantitative 
information has resulted in a better under- 
standing of the AHF requirements for suc- 
cessful treatment of hemophilic crises. Today 
relatively definite answers can be given to 
such questions as the following: What is 
the relative AHF potency of various bloods 
and plasmas used for transfusions? What is 
the level of plasma AHF which must be 
maintained in order to provide an effective 
hemostatic mechanism? What laboratory 
procedures are available to determine the 
adequacy of transfusion therapy? How rap- 
idly do hemophiliacs utilize injected AHF? 
Each of these points will be considered in 
turn. 


TRANSFUSION THERAPY—HEMOPHILIA 


AHF IN STORED BLOOD AND PLASMA AND IN 


PLASMA FRACTIONS 


It has previously been shown that there is 
great variability in plasma AHF level among 
individuals. The AHF level of a given per- 
son appears to be relatively constant, but 
the range of AHF values among normal peo- 
ple is from about 60% to 170% of the mean.*® 
Thus, one important factor determining the 
potency of any preserved plasma or plasma 
product is the AHF content of the initial 
plasma. 

Penick and associates’ have shown that 
AHF is gradually lost during storage of 
whole blood or plasma, This loss is illus- 
trated in Table 1, where the AHF assays 
were performed by the method of Langdell 
and co-workers.° Whole blood showed only 
a moderate loss of AHF after one week of 
storage at 4 C. After two weeks approxi- 
mately half of the initial AHF remained, 
while about one-fourth was still present at 
the end of four weeks. Plasma, freshly col- 
lected and promptly frozen at —20 C, lost 
AHF in the first two weeks at about the 
same rate as the stored blood. Thereafter, 
the frozen plasma was somewhat more stable 
than the blood stored at 4 C. 

AHF assays have been done on two 
plasma products available for transfusion in 
hemophilia * (Table 2). One product was 
lyophilized plasma (Hyland Laboratories). 
Each of the lots of dried plasma contained 
approximately 50% of the average AHF of 
fresh plasma. The AHF in this preparation 
was found to be unusually stable. Samples 
five years of age were almost as potent as 
freshly prepared material. 


Tas_e 1—AHF Content of Blood and Plasma 
During Storage 


AHF ,, Per Cent-————__, 
Plasma, 

Whole Blood Fresh Frozen 
(ACD,4C.) (ACD, —20C.) 

100 

68 

57 

47 

42 
(Mean values, 3 test series) 


Taste 2—AHF Content of Lyophilized Plasma 
and Antihemophilic Globulin 


No. of 
Lots 


(Hyland) 
original 


--AHF, Per Cent—, 

Products Mean Range 

Lyophilized plasma 
(reconstituted to 
volume) 

Antihemophiliec globulin (Mich- 
igan) (2 gm. %) 


(42-56) 


(16-56) 


The other product tested was antihemo- 
philic globulin (human), prepared by the 
Michigan State Laboratories, in Lansing. 
Testing of various lots has shown consider- 
able variation in AHF activity, from 16% 
to 56% AHF. However, it is probable that 
only products approaching the potency of 
the lower limits of normal plasma (50% to 
60% ) are useful for therapy. It is of interest 
that a highly active plasma fraction (bovine 
AHF) has been used in England.’ 


HEMOSTASIS AND PLASMA AHF LEVELS 
Normally, the essential clotting factors 
appear to be present in plasma in amounts 
which provide a considerable margin of 
safety. With very low plasma levels of an 
essential clotting factor the hemostatic mech- 
anism is impeded. However, many vari- 
ables, aside from the level of coagulation 
components, affect hemostasis. Such local 
conditions as infection and the nature and 
extent of tissue damaged are known to be 
important. Another factor appears to be the 
production of hypervolemia by transfusions 
—the larger the blood volume increase, the 
greater the accentuation of any tendency to 
bleed. Observations in man and in experi- 
mental animals have shown that a single 
level of a clotting factor cannot be designated 
as being the dividing line between ade- 
quate hemostasis and hemorrhagic diathesis. 
Nevertheless, several studies have indicated 
that there are plasma AHF levels above 
which hemorrhage is unlikely to occur. 
Graham, McLendon, and Brinkhous* ap- 
parently were the first to consider critically 
the question of the AHF level at which 
hemorrhage may develop. They showed that 
mild hemophiliacs whose AHF levels are in 
the 15% to 20% range ordinarily have no 
trouble with bleeding except postoperatively 
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or following trauma. It was suggested ° that 
the critical AHF level was about 20% ; but 
that with stress to the hemostatic defense 
mechanism, AHF may be utilized faster than 
it can be produced in mild hemophiliacs, and 
the actual level at which bleeding occurs 
may be even lower. Biggs® has proposed 
that the minimum AHF required to prevent 
abnormal bleeding with extreme stress to the 
hemostatic mechanism, as with major sur- 
gery, may be as high as 50% of normal. 
Recently Langdell, Wagner, and Brink- 
hous *° suggested that an AHF level con- 
sistently maintained somewhat above 5% 
will allow sufficient functioning of the hemo- 
static apparatus to control hemorrhage in 
many instances. Lacking a readily available 
and highly potent AHF concentrate, the 
maintenance of even the 5% level is a prob- 
lem of considerable magnitude (see below). 


LABORATORY TESTS FOR THE 
TRANSFUSION 


ADEQUACY OF 
THERAPY 


A useful test for the control of transfu- 
sion therapy in hemophilia is one that re- 
liably detects changes in the AHF level in 
the range of about 5% to 20%. Tests which 
have been used for this purpose are indicated 
in Figure 1. AHF assays, if carefully done, 
will detect changes in AHF within this 
range; however, simpler procedures are de- 
sirable. Both the thromboplastin generation 
test ** and the partial thromboplastin time ° 
appear to be sensitive to small changes in 
AHF in this range. The clotting time of 
recalcified plasma and the clotting time of 
whole blood in silicone * are often prolonged, 


CLOTTING TESTS AND AHF LEVELS 
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Fig. 1.—Ranges of usefulness of laboratory tests 
for detecting changes in AHF. 
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LOSS OF AHF AFTER PLASMA TRANSFUSION 
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Fig. 2.—Change in plasma AHF of a hemophilic 
dog following plasma transfusion. 


particularly in the lower parts of this range 
of AHF. However, consistent results have 
not been obtainable with either of these tests. 
Prothrombin utilization tests, prothrombin 
consumption tests, and the Lee-White clot- 
ting time usually give normal or equivocal 
results at or below the 5% level of AHF. 
It appears that the partial thromboplastin 
time and the thromboplastin generation test 
are relatively simple methods for detecting 
changes in AHF in the range which is 
critical for maintenance of hemostasis. In- 
adequate treatment has undoubtedly been 
common in the past when the whole blood 
clotting time was used as a guide to therapy. 


RATE OF AHF UTILIZATION AFTER 
TRANSFUSION 

Experimental studies in hemophilic dogs *° 
have shown that transfused AHF is rapidly 
utilized. After large plasma transfusions 
which raised the plasma AHF level to 20% 
to 25%, half of the injected AHF dis- 
appeared in about two hours. Thereafter, 
this clotting factor was lost from the plasma 
at a slower rate. Further analysis of data 
of this type is shown in Figure 2. On a 
semilogarithmic scale, the relationship be- 
tween AHF level and time after transfusion 
is linear. This relationship suggests that, 
regardless of the level of AHF reached after 
transfusion, approximately half is lost in 
two hours. Thus, should the 100% level be 
reached after transfusion, the plasma level 
would be about 50% two hours later. 


TRANSFUSION THERAPY—HEMOPHILIA 


Analysis of similar but less extensive data 
in the human hemophiliac suggests that the 
half-life of AHF is slightly longer than in 
canine hemophilia.‘° Half of the injected 
AHF is lost in approximately four hours. 
The loss also appears to be exponential in 
character, as implied by Alexander ® earlier. 
These findings indicate the need for frequent 
transfusions with a volume of plasma large 
enough to maintain the AHF well above the 
minimum hemostatic level. Such a regimen 
was tried on a hemophiliac in a hemorrhagic 
crisis, as shown in Figure 3. A 13-kg. hemo- 
philic boy was given repeated transfusions 
of fresh plasma for an extensive dissecting 
hematoma of the scalp and face. After trans- 
fusion of whole blood, the AHF level was 
raised to 8%. Repeated plasma transfusions 
(3.7 ml. per kilogram of body weight) at 
four-hour intervals for the next 24 hours 
maintained the AHF above the 5% level. 
No further extension of the hemorrhage oc- 
curred. When the plasma transfusions were 
spaced at eight-hour intervals, at the end of 
the period, the AHF level fell slightly below 
5%, but there was no recurrence of hemor- 
rhage. 


Figure 4 is a theoretical model designed 
to contrast the results expected from admin- 
istration of the same volume of plasma by 
seven small transfusions at four-hour inter- 


AHF LEVELS AFTER MULTIPLE TRANSFUSIONS 
CONTROL OF HEMORRHAGE IN A HEMOPHILIAC 
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Fig. 3—AHF levels following multiple trans- 
fusions for control of hemorrhage in a hemophilic 
boy. Points indicated by a dot within a circle were 
determined by the method of Langdell and associ- 
ates. Those indicated by solid dot were calculated 
from estimated plasma volume of the patient and 
injected AHF 


AHF LEVELS FOLLOWING SINGLE 
OR DIVIDED DOSES OF PLASMA 
(ILLUSTRATIVE MODEL) 


4 ML. PLASMA PER KG. BODY WT — 7 DOSES 

t t t 
4 12 6 20 24 
HOURS 


Fig. 4.—Theoretical model to illustrate AHF 
levels following multiple and single transfusions. 
Solid saw-tooth curve shows pattern of AHF level 
with multiple transfusions; broken straight line 
shows pattern of AHF level with a single large 
transfusion. 


% ANTIHEMOPHILIC FACTO 


vals and by a single large transfusion. The 
model is based upon the following assump- 
tions: This hypothetical patient has a hema- 
tocrit level of 40% and an initial AHF level 
of 5% as a result of previous transfusions ; 
the blood volume is 10% of body weight; 
the AHF half-life is slightly less than four 
hours; dilution effects are ignored. Under 
these assumptions, each small transfusion 
(4 ml. per kilogram) elevates the AHF from 
5% to above 10%. After four hours, the 
AHF has receded to 5% and the next trans- 
fusion is given. In the period shown in the 
Figure, seven doses, each of 4 ml. plasma 
per kilogram, are administered. The AHF is 
consistently maintained at or above 5% for 
28 hours. The same amount of AHF given 
in a single dose elevates the AHF to about 
50%. However, it falls to less than 5% in 
12 hours. This model implies that the most 
economical method of administering AHF 
would be by slow, continuous infusion (intra- 
venous drip) at a rate exactly balancing 
destruction once the hemostatic level had 
been reached.* 

The rate of utilization of AHF may be 
faster in some patients than indicated above. 
In nonhemophilic dogs with tissue necrosis, 
the plasma AHF is temporarily depressed, 
apparently because of release of tissue throm- 
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boplastin from the injured site into the blood 
stream.'* In a hemophiliac, it appears likely 
that with continued hemorrhage into the tis- 
sues and consequent tissue necrosis, the 
AHF requirement is greatly increased, tend- 
ing to allow further hemorrhage. The need 
may become so great that it is difficult, if not 
impossible, to meet the demands for AHF 
by even the most vigorous and persistent 
transfusion therapy. Prompt treatment of 
severe hemorrhagic crises with multiple 
transfusions is essential if this complication 
is to be avoided. 
SUM MARY 


The rationale of a program of plasma 
transfusions in the treatment of hemorrhagic 
crises in hemophilia is outlined. Factors con- 
sidered are: (1) the sources of AHF for 
transfusion, (2) the minimum hemostatic 
levels of plasma AHF, and (3) the rate of 
loss of transfused AHF. 

Sources of AHF are normal plasmas or 
plasma fractions. Normal plasma from dif- 
ferent subjects varies widely in AHF con- 
tent. In stored bank blood or frozen plasma 
approximately half of the initial AHF con- 
tent is lost in two weeks. Lyophilized plasma 
has about one-half the potency of fresh 
plasma. AHF in reconstituted Fraction I is 
about one-third of the mean normal value. 
Fresh plasma from selected donors appears 
to be the best source of AHF currently 
available. 

The minimum hemostatic level of AHF 
may be as low as 5% of normal, although 
some data suggest that it may be 15% to 
20% of normal or higher. Of the simple 
laboratory tests used to follow AHF levels 
following transfusions, the partial thrombo- 
plastin time and the thromboplastin genera- 
tion tests appear most suitable for following 
AHF changes in the critical range. 

Loss of AHF following transfusions of 
hemophilic subjects appears to be rapid and 
exponential. In human hemophiliacs the 
half-life of injected AHF appears to be about 
four hours; in canine hemophiliacs, about 
two hours. These findings emphasize the need 
for frequent transfusions. Delayed or in- 
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adequate treatment may result in dissecting 
hematomas and tissue necrosis, with greatly 
increased requirements for AHF. 
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Spontaneous in the Rat 


MANUEL RENE MALINOW, M.D. 

DAVID HOJMAN, M.D. 

and 

AMANDA A. PELLEGRINO, B.S., Buenos Aires 


Because rats are omnivorous, easily avail- 
able mammals of short lifespan, they have 
been considered as suitable animals for the 
study of a chronic disease such as athero- 
sclerosis which is prevalent in man, another 
omnivorous mammal. Nevertheless, rats have 
posed an interesting problem in this connec- 
tion, since they have been shown to be re- 
sistant to the development of spontaneous 
or experimentally induced atherosclerosis. 

In spite of extensive previous negative 
reports, atheromatous-like lesions were 
shown to develop in rats when cholesterol- 
buffered were injected into 
doubly ligated femoral arteries,’ thus dem- 
onstrating that the endothelial cells could 
react in an “atheromatous way” and _ that 
the hitherto reported “resistance” was not 
due to the arteries themselves. Shortly 
afterward, generalized atherosclerosis was 
demonstrated to follow when rats were sub- 
jected to several experimental procedures, 
including high-fat diets with * or without 
superimposed kidney damage,} cellophane 
perinephritis,’ choline-deficient diets,* and 
repeated injections of lipoproteins.’ This 
demonstration led us to question whether 
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spontaneous atheromatous lesions could also 
be present in rats.* A search of the litera- 
ture was of no avail because, although medial 
changes of arteriosclerosis have been known 
to occur in rats,t intimal atheromatous 
lesions are consistently denied in many well- 
documented studies.'® Notwithstanding these 
previous reports, we undertook a systematic 
anatomical study in our stock animals, and, 
much to our surprise, we found intimal de- 
generative lesions among many of these 
rats. We are consequently reporting such 
findings because they may be of importance 
in the study of the mechanisms of athero- 
sclerosis, especially in relation to suscepti- 
bility in different species. Furthermore, an 
attempt is also made to explain the negative 
results previously reported by so many 
authors. 
MATERIAL AND METHODS 


Thirty male white William strain rats, between 
15 and 24 months old with an average weight of 
326 gm. and kept on a standard laboratory diet in- 
cluding bread, milk, meat, raw vegetables, and ad- 
ditional vitamins, were selected at random from 
among our stock colony. The method of study has 
been described previously, and only the main fea- 
tures will be mentioned here.* With the rats under 
pentobarbital (Nembutal)§ intraperitoneal anes- 
thesia (0.6 mg/100 gm. of a 0.6% solution), blood 
was withdrawn from the abdominal aorta; the 
viscera were taken en bloc; the heart was separated 
for microscopic examination and weighing, and the 
organs were fixed in 10% formaldehyde. 

The aorta was studied at 24 different levels, 4 in 
the ascending, 12 in the descending, and 8 in the 
abdominal aorta; the coronary arteries were studied 
at 12 different levels, sections being made parallel 
to the atrioventricular groove; the kidneys were 
examined at 12 different levels, the organs being 
sectioned vertically in an anterioposterior direction. 
Each chosen segment was frozen and totally cut in 
the microtome (10#), and random sections were 


t References 8 through 10. 
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selected as follows: 10 in each aortic, 5 in each 
cardiac, and 5 in each kidney segment, thus making 
a total of 180 sections for the aorta, 60 for the heart, 
and 60 for the kidney. In 24 animals the aorta was 
isolated, opened with sharp scissors, and fixed in 
10% formaldehyde. After fixation, the aorta was 
embedded in gelatin and rolled in such a way that 
horizontal sections visualized the entire length of 
the organ, spiral-like. The aorta was then sectioned 
at 10 thickness, and 20 random slides were studied. 
Sections were then stained with hematoxylin-Sudan 
IV; whenever Sudanophilic material was present, 
the Liebermann-Burchardt reaction was used in 
order to ascertain whether cholesterol was present. 

The sections were reviewed independently by two 
observers. All arteries greater than 30 and clearly 
showing the different wall structures were counted 
and lesions graded as follows (tangential sections 
were disregarded): Grade 0.5, initial endothelial 
and/or subendothelial infiltration of isolated Sudan- 
ophilic granules; Grade 1.0, medium endothelial 
and/or subendothelial infiltration of Sudanophilic 
confluent granules; Grade 1.5, marked endothelial 
and/or subendothelial Sudanophilic infiltration 
forming a total or partial arterial obstruction; 
Grade 2.0, initial endothelial and/or subendothelial 
cellular proliferation of isolated cells; Grade 2.5, 
medium endothelial and/or subendothelial cell pro- 
liferation forming small plaques; Grade 3, marked 
endothelial and/or subendothelial cell proliferation 
forming partial or total obstructions with or with- 
out degenerative superimposed changes. In order to 
quantitate the results, an average of the individual 
lesions was calculated for each organ and multiplied 
by the following factor: x 1, if they numbered 1 to 
5 different lesions as defined above; x 2, if they 
numbered 6 to 10, and x 3, if more than 10 lesions 
were seen. By this procedure we tried to prevent 
computation of a single lesion as if it were more 
than one. The results were then averaged for the 
entire group of rats. 


Microscopic inflammatory lesions were noted, and 
care was taken to record whether they occurred in 
arteries with lipid infiltration in the intima and/or 
the media. Inflammatory changes were classified as 
follows: (a) parenchymatous, when they did not 
involve the adventitia or the vessels; (b) peri- 
vascular, when they involved the adventitia; (c) 
intravascular, when the inflammatory changes dis- 
sociated the media, with or without actual involve- 
ment of the intima. 


RESULTS 

Blood Values (Table 1).—In 13 animals 
the blood cholesterol values averaged 95 
mg/100 cc. (range 51-127). One animal, 
not included in these 13, had a_ blood 
cholesterol level of 237 mg/100 cc., and 
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the only other abnormality was the presence 
of cirrhosis of the liver; this animal did 
not have atheromata. In 21 animals the 
blood urea averaged 36 mg/100 cc. (range 
10-78). Several high values, i.e., above 40 
mg., were seen in seven animals, possibly 
related to the common occurrence of chronic 
pyelonephritis in the present series. 
Macroscopic Changes (Table 1).—The 
heart did not appear grossly abnormal; the 
heart: body weight ratio < 100 was 0.32 
(range 0.26-0.47). This ratio was con- 
sistently lower than that of similar rats 
subjected to cellophane perinephritis (un- 
published observations). As has also been 


Taste 1.—Laboratory and Autopsy Findings in 
Thirty Male Control Rats 


> 
= 
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2601 s«O.8221 Cervical abscess 
208 «= 880 Broncho- 
pneumonia 
2604 370 1.743 0.47 
2983 345 1.2399 0.35 50  cvvceces 
2984 255 1.2368 0.33 60 
2985 415 1.3116 0.31 ee ar 
2798 288 @. . 
2799 342 1.067 0.31 26 51 Subcutaneous 
abscess 
2802 Liver cirrhosis, 
lung abscess 
2307 (0.27 
2308 «= 126 Infected liver 
tumor 
2309 «2800 
2310 230 0.942 0.33 9 ~=>—s- Lung abscess 
2311 825 0.987 0.30 lll Broncho- 
pneumonia 
2337 Lung abscess 
2338 230 0.774 0.27 Broncho- 
pneumonia 
2339«C 0.29 Broncho- 
pneumonia 


Average 326 1.028 0.32 36 95 


* Blood cholest. indicates blood cholesterol.*# 
+ Not averaged. 
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shown by other investigators, suppurative 
lesions were common in our animals: One 
rat had a cervical abscess and one a sub- 
cutaneous abscess; seven animals showed 
different degrees of pulmonary involvement, 
and one animal had an infected carcinoma 
of the liver. Thus, one-third of the rats 
had some macroscopic infection. No correla- 
tion existed between these inflammatory 
changes and the arterial findings to be 
described. 

Microscopic Changes——(1) Parenchyma- 
tous Inflammation: Microscopic evidences 
of inflammation were seen in practically all 
animals. Lymphocytic, with or without 
monocytic, infiltration was observed in the 
myocardium of 26 rats; different degrees 
of fibrosis were also seen; in only one case 
was this “myocarditis” severe. 

Nonspecific lymphocytic, with or without 
coincident monocytic, infiltration was seen 
in all examined kidneys. Such findings were 
especially centered around the pelvis and 
the calyces, thus showing evidences of a 
“chronic pyelonephritis.” These changes 
were marked in 7, medium in 7, and slight 
in 16 rats. In these last-mentioned cases 
it is difficult to state whether such infiltra- 
tion was secondary to an infectious process 
or to hyperplasia of a normal component 
of the organ. 

(2) Arterial Findings: Normal arteries 
in rats have been described at length else- 
where.** A summary of such findings fol- 
lows: In the aorta and its primary branches 
(carotid, intercostal, mesenteric, iliac, etc.) 
the endothelium is directly applied to the 
elastic internal lamella. A minimal Hale- 
positive subendothelial formation with scanty 
endothelial-like cells is occasionally found 
only in the ascending aorta. The media in 
this vessel is formed by six or seven con- 
centric elastic lamellae with five or six 
rows of myocells interposed. The interstitium 
is filled with reticulin fibers and irregularly 
distributed material diffusely stained with 
the periodic acid-Schiff (PAS) and the 
Hale stains (glycoproteins and mucopolysac- 
charides). Collagen fibers are also seen in 
the inner aspect of the media. The adventitia 


contains fibroblasts and fibrocytes embedded 
on an interstitium of PAS-positive material 
and few elastic fibers. 

The coronary arteries show an endothe- 
lium directly applied on the internal elastic 
lamella; the media is formed by three or 
four incomplete elastic lamellae with inter- 
posed myocells, surrounded by thick reticu- 


Taste 2.—Number of Microscopic Inflammatory 
Lesions Found in Thirty Male Control Rats 


Renal 
Arteriest 


Rat Adven- Intra- Adven- Intra- Adven- Intra- 
No. titial vascular titial vascular titial vascular 


Aorta and Pri- 
mary Branches* 


Coronary 
Arteriest 


+++4+4 


0 
0 
0 
3 
0 
0 
1 
8 
7 
4 
1 
2 
0 
3 
4 


1+ + 


122 


* Primary branches, i. e., intercostal, mesenteric, iliac, 
ete.; only the presence (+) or absence (0) of inflammation 
has been noted. 


+ Number of arterial sections. 


lin fibers which are in contact with similar 
elements in the myocardium. In the inter- 
stitium, irregularly distributed PAS- and 
Hale-positive material is present. A very 
thin adventitia formed by fibroblasts and 
fibrocytes surrounds the arteries. 

The endothelium of the renal arteries is 
also directly applied to the elastic internal 
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lamella without interposed subendothelium. 
The media is formed by several rows of 
myocells separated by elastic lamellae, and 
the interstitium is filled with PAS- and 
Hale-positive material in which reticulin 
fibers are seen. The adventitia is very thin 
and is formed by a and 


few fibroblasts 


collagen fibers. 
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A total of 5114 arterial sections of the coro- 
nary arteries were reviewed; adventitial 
infiltration was seen in 122 and intravascular 
in 3. A total of 4635 arterial sections of 
renal arteries were studied; adventitial 
infiltration was seen in 784 arterial sections. 

(2b) Degenerative Changes (Tables 3 
and 4): Degenerative changes were also 


Tasie 3.—Number of Arterial Sections Showing Intimal and Medial Changes in 
Thirty Male Control Rats 


Renal Arteries 
= 


Aorta and Primary Branches* Coronary Arteries 
Intima Media Intima Media Intima Media 
Rat No. Infilt.t Prolif.t Lipids Caleium Infilt.t Prolif.t Lipids Caleium Infilt.t Prolif.t Lipids Calcium 

2594 0 0 0 0 6 0 1 0 0 0 0 0 
2595 i) 0 0 0 2 0 0 0 0 0 0 0 
2596 o 0 0 0 0 0 0 0 0 0 0 0 
2597 0 0 0 0 0 0 0 0 0 0 0 0 
2598 7) 0 0 0 0 0 0 0 0 0 0 0 
2599 0 0 1 0 0 7) 0 0 0 0 0 0 
2600 tf) 0 0 0 1 0 0 0 0 0 0 0 
2601 0 0 0 0 0 0 0 0 0 0 0 0 
2602 9 0 0 0 0 0 0 0 0 0 0 0 
2603 i) 0 0 0 0 0 0 0 0 0 0 0 
2604 o 0 1 0 1 0 0 0 0 0 1 0 
2605, i) 0 0 0 1 0 0 0 0 0 0 0 
2982 0 0 0 0 1 0 0 0 0 0 0 0 
2982 0 0 0 0 1 i) 2 0 0 0 0 0 
2084 o 0 0 0 3 0 2 0 0 0 1 0 
2985 0 0 0 0 0 0 1 0 1 0 0 0 
20865, 6 0 0 1 0 0 1 0 0 0 0 0 
2798 0 0 1 o 0 0 0 0 
27 0 0 0 0 0 0 0 0 0 
2800 i) 0 0 0 3 0 0 0 0 0 1 0 
2801 1 1 1 0 1 0 0 0 0 0 0 0 
2202 1 1 0 1 1 0 1 
2307 on) 0 0 3 0 0 0 0 0 0 0 0 
2308 0 0 0 0 0 0 0 0 0 0 0 0 
2309 1 0 1 5 0 0 0 0 0 0 0 0 
2310 7) 0 0 0 0 0 0 0 2 0 1 0 
2311 2 0 6 1 0 0 0 0 0 0 0 0 
2337 0 1) 0 0 0 0) 0 0 0 0 0 0 
2338 0 0 0 0 0 0 0 0 0 0 1 0 
2339 0 3 1 0 0 0 1 0 0 0 3 0 

Total 10 4 12 12 29 0 9 0 4 0 9 0 


* Primary branches, i. e., intercostal, mesenteric, iliac, ete. 


t Infilt. indicates lipid infiltration; prolif., cellular proliferation with or without lipid infiltration. 


In these arteries we have frequently found 
inflammatory and degenerative changes. 

(2a) Inflammatory Changes (Table 2): 
Cellular infiltration of lymphocytes, histio- 
cytes, and, to a slighter degree, polynuclear 
leucocytes was a common occurrence in the 
studied arteries. No changes similar to 
periarteritis nodosa were seen. In 17 ani- 
mals cellular infiltration was found in the 
adventitia of the aorta and its primary 
branches ; in 8, also extending into the media. 
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commonly found in the media as well as 
in the intima of the arteries. 


(2b1) Medial Degenerative Changes : Sev- 
eral histologic findings are grouped here: 

Lipid infiltration. In 15 animals lipid in- 
filtration of the media was found: 7 in 
the aorta, 7 in the coronary, and 7 in the 
renal arteries. 

Hyalinization. In previously reported ani- 
mals, small hyaline areas were sometimes 
found in the coronary and in the renal 
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TABLE 4.—Classification of Intimal Degenerative Lesions Found in Thirty Male Control Rats * 


Aorta and Primary Branchest 


Coronary Arteries 


Renal Arteries 
A 


‘No. of No.of Lesion Animal No. of 
Sections} Lesions Grade Grade 


Rat 
No. 
2504 
2595 


170 
159 
164 


ow 


> 


Total 


Average 


*See method in text. 


No.of Lesion Animal No. of 
Sections§ Lesions Grade 


No.of Lesion Animal 
Grade Sections§ Lesions Grade Grade 


2 0 0 
0 


6 
2 
0 
0 
0 
0 
1 
0 
6 
0 
1 
1 
1 
1 
3 
0 
0 
0 
0 
2 
1 
1 
3 
6 
0 
0 
0 
0 
0 
0 
0 
0 
29 


+ Primary branches, i. e., intercostal, mesenteric, iliac, etc. 


Number of aortie sections. 
§ Number of arterial sections. 


arteries; in these plaques no nuclei were 
seen and a diffuse acidophilic appearance 
was present."* Such findings could not be 
confirmed in the present series, since the 
histological techniques were not suitable for 
the detection of hyaline substance. 

Calcification (?). In the aorta of six 
animals strongly basophilic subendothelial 
plaques were seen. These plaques were cov- 
ered by a normal endothelium and were 
especially located at the point where vessels 
bifurcated or where collateral arteries 
branched out. They are probably formed 
by calcium granules, although confirmatory 
histochemical studies were not carried out 
owing to the small size of the lesions. 

(2b2) Intimal Degenerative 
(Tables 3 and 4; Figure): 


Changes 


Lipid infiltration (atheromatosis). In 16 
animals lipid endothelial infiltration was 
found, affecting the aorta in 4 (10 arterial 
sections), the coronary in 11 (29 arterial 
sections), and the renal arteries in 3 (4 
arterial sections). The earliest changes 
showed fine Sudanophilic, Liebermann- 
Burchardt-positive drops, placed around the 
nuclei of higher-than-normal endothelial 
cells; sometimes such Sudanophilic material 
diffusely infiltrated an enlarged subendothe- 
lium. These lesions when located in the 
aorta did not decrease its lumen, although 
occasionally the lumina of smaller arteries 
were greatly encroached upon. 


Intimal proliferation (atherosclerosis). In 
two rats atherosclerosis lesions were present. 
In one animal, three aortic sections showed 
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Intimal degenerative lesions in control male rats. 


Upper left (Rat 2339), ascending aorta. Intimal plaque showing cellular proliferation and 
Sudanophilic-Liebermann-positive material within and in between the cells. Hematoxylin-Sudan 
IV; reduced slightly from mag. x 133. 


Upper right (Rat 2339), ascending aorta. Higher magnification of a proliferated, cholesterol- 
loaded plaque. Hematoxylin-Sudan 1V; reduced slightly from mag. x 391. 


Lower left (Rat 2339), descending thoracic aorta. Lipid-free fibroblastic intimal plaque. 
Hematoxylin-Sudan IV ; reduced slightly from mag. x 133. 


Lower right (Rat 2984), coronary artery. Intimal thickening showing interstitial Sudano- 
philic-Liebermann-positive material; the media is thinned. Hematoxylin-Sudan IV; reduced 
slightly from mag. x 360. 
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ATHEROSCLEROSIS IN RAT 
small plaques of fibroblastic endothelial or 
subendothelial proliferation ; in two of these 
sections lipid material was present within 
and in between the proliferated cells; the 
subendothelium was larger than usual. In 
another rat a small lipid-free plaque of 
endothelial fibrosis was found in the aorta. 
When these atheromatous and athero- 
sclerotic changes were classified according 
to our rating (Table 4), the aorta and pri- 
mary branches averaged 0.25, the coronary 
arteries 0.41, and the renal arteries 0.10. 
This can be taken as an expression of the 
normal occurrence of early intimal degenera- 
tive lesions in rats. 


(3) Relationship Between Inflammatory 
and Degenerative Changes: No strict cor- 
relation between inflammatory and degen- 
erative changes was found. Since we are 
mainly interested in atherosclerosis, special 
emphasis is laid upon intimal degenerative 
and inflammatory changes elsewhere. On a 
single occasion the inflammatory cells did 
infiltrate the intima; nevertheless, as it can 
be inferred because of the extremely preva- 
lent inflammatory findings (10% of coronary 
and renal arterial sections), they did coincide 
on several occasions with intimal degenera- 
tive changes. It was also very common that 
intimal degenerative changes did not corre- 
spond with inflammatory infiltrations in the 
adventitia or the media ; in fact, many arterial 
sections showing atheromatosis or athero- 
sclerosis did not show any sign of simul- 
taneous arteritis. 


COMMENT 


Several arterial lesions have been de- 
scribed by other authors as appearing spon- 
taneously in rats, and, although some of 
them may be ascribed to medial arterio- 
sclerosis, they do not resemble those of 
intimal atherosclerosis shown by us. Hum- 
mel and Barnes* reported small calcified 
masses within the media of rat arteries, 
sometimes protruding into the lumen but 
always showing an intact endothelium. In 
ordinary circumstances these lesions are not 
common in the systemic arteries, and they 
were found in 2 of 112 male rats between 


9 and 12 months of age.* Wilens and 
Sproul *® in 12 of 487 male and female 
rats (average age, 702 to 746 days) de- 
scribed the same calcifications in the sper- 
matic, coronary, renal, mesenteric, and 
cerebral arteries, as well as in the aorta. 
We have similarly found these changes in 
six of our rats. Calcium deposits, though, 
are much commoner in the pulmonary 
arteries, being first described by Hueper,® 
who reported their occurrence in 12 of 75 
rats. Wilens and Sproul” stated that in 
almost every rat older than 2 years pul- 
monary calcifications could be found, and 
they encountered these lesions in 46% of 
their animals. 

Sclerotic changes are also commonly seen 
in the coronary arteries of rats. The detailed 
study of Wilens and Sproul’® described 
loss of smooth muscle and replacement of 
the media by fibrous tissue, straightening 
of the elastic lamellae, as well as thickening 
and fibrotic changes in the adventitia; 
hyalinization of connective tissue sometimes 
replaced the smooth muscle. These findings 
were seen in 57% of the rats, being more 
frequent in male than in female rats. Some 
of these degenerative changes have been 
seen by 

Another type of lesion, greatly resembling 
periarteritis nodosa, is commonly found in 
rats, its incidence being approximately 10% ; 
these lesions appear after 500 days of age 
and are much commoner in female than 
in male rats.*° No periarteritis nodosa 
existed in the present series, although in- 
flammatory changes similar to those sup- 
posed to be early examples of such a 
process *® were found. The absence of 
periarteritis can also be ascribed to the fact 
that only studies performed on male rats 
are reported here and also that our animals 
were less than 2 years of age (the higher 
incidence of periarteritis has been noted after 
700 days of age).*° 

All previous studies, though, have spe- 
cifically denied the presence of atheromata 
in rats. How can this be integrated with our 
clear-cut findings? It may be questioned 
whether our lesions represent real athero- 
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sclerotic changes. Although a specific pa- 
thognomonic lesion of atherosclerosis is 
difficult to define over different species, the 
findings described in this report conform 
with most descriptions of atherosclerosis for 
the following reasons: 1. Sudanophilic- 
Liebermann-positive material (most prob- 
ably cholesterol) was present within endo- 
thelial arterial cells or in a subendothelial 
position internally to the internal elastic 
lamellae ; these lipid deposits sometimes ex- 
tended into the media. 2. A proliferation of 
endothelial cells was occasionally seen, and, 
although these plaques were not common 
or extensive, they were similar to apparently 
more advanced lesions with marked prolif- 
eration seen by us in rats subjected to dif- 
ferent experimental procedures.’ 3. Finally, 
the degenerative nature of these findings is 
indirectly established by the fact that no 
strict correlation existed with inflammatory 
infiltrations in rats. In fact, 
lipid infiltration and endothelial prolifera- 
tion were seen in noninflamed arteries, and 
the reverse was also true; namely, inflam- 
matory infiltrations without endothelial lipid 
deposition or proliferation were also found. 

A preferential localization in any arterial 
territory was not demonstrated; since only 
the aorta, the proximal portion of its pri- 
mary branches, the kidney, and the heart 
were examined in the present study, it is 
also possible that similar lesions could be 
found in other locations were they similarly 
studied. 


so common 


It is interesting to speculate on the sig- 
nificance of spontaneous atherosclerosis in 
rats in connection with a possibly deranged 
cholesterol mechanism. An elevated blood 
cholesterol level has been considered neces- 
sary for the development of atherosclerosis. 
Nevertheless, it should be stressed that the 
scanty lesions shown by us occurred even in 
the presence of very low blood cholesterol 
levels (normal for rats). The significance 
of this fact deserves further study. It seems 
also probable that chronic pyelonephritis 
was not linked to the arterial lesion:, since 
no correlation was present between atherom- 
atous lesions and deranged excretory kidney 
18 
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function as evidenced by the blood urea 
levels ; or with a possible spontaneous hyper- 
tension, since hearts were not enlarged in 
the present series. 

If we accept the atherosclerotic nature of 
the lesions described by us, why have they 
not been visualized in previous studies? 
Although it is difficult to answer in a posi- 
tive way, two possible explanations of these 
discrepancies suggest themselves: (a) Our 
rats belong to a different strain and they 
are unique in developing these spontaneous 
lesions, or (b) the lesions have not been 
previously detected because they are very 
scarce and a great number of sections are 
necessary to show their presence. We favor 
the latter possibility because in our study, 
although atheromatous and/or atheroscle- 
rotic lesions were found in 17 of 30 rats, they 
were seen in only 50 of more than 10,000 
arterial sections. Contrariwise, most previous 
observers failed to mention the method used 
to study the arteries, or “single microscopic 
sections” through some organs were exam- 
ined." As a consequence, more detailed 
studies will be needed in order to convince 
us that our results are due to a different 
strain of rats and not to a 
consuming and tedious method. 


time- 


SUMMARY 


On 30 white male William strain rats 
of our stock colony detailed pathological 


studies were performed. The following 
microscopic arterial lesions, singly or 
combined, were found in 17 animals: 


(a) endothelial and/or subendothelial infil- 
tration, sometimes extending into the media, 
of a Sudanophilic, Liebermann-positive ma- 
terial (atheromatosis) ; (>) proliferation of 
endothelial and/or subendothelial (7?) cells 


forming tiny protruding plaques (early 
atherosclerosis). Not more than a few 


arterial sections showing these changes were 
seen for individual animals. Although ex- 
tensive inflammatory changes were observed 
in most rats, no correlation between inflam- 
mation in the arteries or in any other organ 
and the degenerative changes was clearly 
demonstrated. Reasons accounting for dis- 
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crepancies with previously reported nega- 
tive studies are suggested. 


Prof. Blas Moia gave generous help during the 
final stages of the present studies, and Dr. Eugenia 
H. Ramos performed the chemical determinations. 
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Hypertrophy of the 
P. ,loric in Adults 


A. D. KEET Jr., M.B., Ch.B. (Cape Town), 
M.D. (Amst.), Cape Town, South Africa 


Two adult operative cases have been en- 
countered in which the gastric resection 
specimens showed, as incidental pathology, 
a localized area of thickening of the pyloric 
musculature on the lesser curvature of the 
stomach. In the first case a true muscular 
hypertrophy was present. In the second case 
the thickening appeared to be in the nature 
of a spasm, since it disappeared during the 
course of a few hours. 

These cases may be of some significance. 
Their publication has been delayed in the 
hope of finding other similar case reports in 
the literature. Such reports have been forth- 
coming in a publication by Bachmann.’ This 
author, in discussing the possible underlying 
pathology, asks himself if these cases could 
mean that a certain part of the pyloric mus- 
culature is liable to undergo hypertrophy by 
virtue of its having a specialized function 
or structure. We believe that the answer is 
in the affirmative, and that it can be found in 
Torgersen’s* thorough but relatively un- 
known work on the microscopical structure 
of the musculature of the stomach and duo- 
denum. Bachmann did not mention this 
work, and his discussion remained of a spec- 
ulative nature. Having become acquainted 
with Torgersen’s investigations, we believe 
that the particular type of pyloric hypertro- 
phy to be described lends itself to a rational 
explanation on anatomical grounds. 


Submitted for publication Aug. 23, 1955. 

From the Department of Radiology, Groote 
Schuur Hospital, Cape Town, South Africa, late 
of the Department of Surgery, Juliana Hospital, 
Amsterdam, Netherlands. 
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These cases could best be termed “focal 
pyloric spasm or hypertrophy in adults,” 
since they can clearly be distinguished from 
the well-known entities known as infantile 
pyloric stenosis and hypertrophic pyloric 
stenosis in adults, as the following accounts 
show. 

REPORT OF CASES 


Case 1—A male patient, aged 50 years, was 
admitted for partial gastrectomy to the Juliana 
Hospital, Amsterdam, Netherlands, on Aug. 8, 1952. 
For the previous 12 years he had had symptoms and 
signs suggestive of a gastric ulcer. Roentgen 
examination on April 12, 1946, showed a tiny 
excrescence on the lesser curvature of the stomach 
1.5 cm. from the pylorus, which was interpreted as 
a gastric ulcer. The report of a second roentgen 
examination done on Feb. 14, 1949, stated that 
“there is an ulcer niche on the lesser curvature,” 
but failed to mention on which part of the lesser 
curve it was situated. A third roentgen examination 
on April 3, 1952, showed a large gastric ulcer niche 
halfway down the lesser curve. There was no sign 
of the ulcer previously mentioned proximal to the 
pylorus. Gastric emptying was normal. 

Operation (Aug. 14, 1952).—Abdomen opened 
through an upper midline abdominal incision. The 
gall bladder was distended and contained numerous 
calculi. There were no adhesions to the duodenum 
or pylorus. 

Palpation of the stomach in situ revealed a 
thickening in the pylorus of softish consistency. 
The provisional diagnosis of gastric polyp was 
made. A large gastric ulcer of the middle of the 
lesser curvature was seen and felt. Partial gas- 
trectomy was carried out, the duodenum being 
divided 3 cm. beyond the pylorus. A retrocolic 
gastrojejunal anastomosis was made. Cholecys- 
tectomy was now performed. The hepatic and cystic 
ducts were normal. A drain was left in the liver 
bed. The wound was closed in layers. 

Pathological Examination.—Macroscopic : Gastric 
resection specimen, measuring 13 cm. along the 
greater curvature and 10 cm. along the lesser, and 
cut open along the greater curve. A large ulcer 
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Case 1.—Section through the pyloric nodule on the lesser-curvature side of the pyloroduodenal 
junction, showing great hypertrophy of the circular muscle fibers. 


is situated on the lesser curve 7 cm. from the 
pylorus. 

A mucosal fold, approximately 1 cm. high, sepa- 
rates the lumen of the stomach from that of the 
duodenum. In the pylorus, on the lesser curvature 
side and jutting into this mucosal fold, there is a 
rounded, pea-sized, rubbery hard mass in the gastric 
wall. The mucosa, which is freely mobile on the 
underlying layers of the stomach, is less mobile 
over this mass. There is no naked-eye evidence of 
ulceration at this site. 


Microscopic: The gastric ulcer penetrates 
into the muscle layers, is chronic, and shows 
no evidence of malignancy. The mass on the 
lesser curvature side at the pylorus consists 
of a hyperplasia of the circular muscle tissue 
of the gastric wall (Figure). It is not a 
myoma because it is not well defined and 
merges gradually into the surrounding cir- 
cular muscle. The submucosa overlying the 
thickening is rather thin and contains nu- 
merous blood vessels. The pyloric mucosa 
and submucosa are infiltrated with inflam- 
matory cells and show the changes of chronic 
gastritis. 


Case 2.—A female patient, aged 58 years, was 
admitted to the Binnengasthuis, Amsterdam, 
Netherlands, for achylia gastrica. The roentgen 
examination showed an irregularity at the incisura 
angularis on the lesser curvature, which was re- 
garded as a probable early carcinoma. A partial 


gastrectomy was carried out. The pathological 
report read: Macroscopic: Stomach resection 
specimen, measuring 10 cm. along the lesser and 
15 cm. along the greater curvature. On the proxi- 
mal part of the lesser curvature there are a few 
hemorrhagic spots. On the lesser curvature, at the 
pylorus, a hard nodule is felt in the gastric wall, 
which is presumably a local thickening of the 
pylorus. It is not well defined. 


Microscopic: In the proximal part of the 
stomach there is a well-marked gastritis with 
a few ulcerating defects in the mucosa and 
fibrotic tissue in the submucosa. When the 
specimen was again handled a few hours 
after it had been received, it was noted that 
the nodule previously felt on the lesser curva- 
ture at the pylorus had disappeared. Sub- 
sequently no microscopical abnormalities 
were seen in the pylorus. 

Diagnosis: Chronic ulcerating gastritis in 
the oral part of the specimen. 


COMMENT 


Care must of course be taken with the 
interpretation of localized thickenings in 
gastric resection specimens, as these may 
easily be artifacts due to the application of 
clamps. This can be ruled out in the first 
case, since the thickening was felt with the 
stomach in situ and before the application 
of clamps. In the second case there was no 
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obvious damage to the gastric wall at the 
site, such as one would expect after a clamp 
has been applied. The question arises, too, 
whether the muscular thickening in the first 
case was not caused by healing of the old 
ulcer. There are several points against this. 
The tiny excrescence interpreted as an ulcer 
niche was situated some distance orally to 
the pyloric orifice and not at the pyloric 
orifice, where the muscular thickening was 
subsequently felt. Second, the microscopical 
appearances are quite different from those 
of a healed gastric ulcer. Third, reference to 
the original radiographs raises serious doubt 
as to whether the excrescence was in fact an 
ulcer and not due to barium filling a furrow 
between widened mucosal folds. 

These cases show, therefore, that there 
was an actual focal thickening of the pyloric 
musculature. In both cases it was situated 
on the lesser curvature at the pyloric orifice. 
In both it was an incidental finding, and in 
both there was evidence of chronic gastritis 
(as well as an active gastric ulcer halfway 
down the lesser curve in the first case). 

Bachmann reported 12 cases showing lo- 
calized areas of hypertrophy of the pyloric 
muscle as incidental pathology. Of signifi- 
cance is the fact that in each case the 
hypertrophied area was situated on the lesser 
curvature. He divides his cases into three 
groups according to their relationship to the 
In the first group (five 
cases) the thickening was situated directly 
in the sphincter. Our two cases would fall 
into this group. In the second group (four 
cases) the thickening was located a very 
short distance orally to the sphincter and 
separated from it by a narrow zone of nor- 
mal tissues. In the third group (three cases) 
the thickening was situated in the sphincter 
as well as in the immediate prepyioric part. 
In the first two groups the thickening ap- 
peared to be of a rather nodular or rounded 
character (while differing distinctly from a 
myoma), and in the third group it was 
rather longer than broad. In the first group 
the thickening resembled an enlarged version 
of the normal sphincter. It consisted mainly 
of circular fibers but also contained irregular 
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and longitudinal fibers. All cases occurred 
in middle-aged or elderly people. 

Sloper * subsequently described a case in 
which focal hypertrophy of the pyloric mus- 
culature was found, as well as idiopathic 
diffuse muscular hypertrophy of the lower 
esophagus. The inner circular fibers of the 
pylorus were particularly affected, and there 
was a scar of a peptic ulcer on the lesser 
curve 7 cm. above the pylorus. His investi- 
gations concerned mainly the pathology of 
idiopathic esophageal hypertrophy, and he 
did not state on which curvature of the 
stomach the pyloric hypertrophy was felt. 

A perusal of the literature leads one to 
believe that the muscular structure of the 
normal pyloroduodenal junction is still not 
fully understood. There are, and there have 
been, differing schools of thought with con- 
flicting points of view. Forssell’s * work, in 
which he divided the “horizontal” part of 
the stomach into two compartments, viz., 
an oral “sinus” and a caudal “canalis eges- 
torius,” seems io be the most acceptable, but 
has not found universal recognition. His 
conclusions were based largely on the forms 
of movement of the living stomach, as ob- 
served fluoroscopically. Later Cole * reached 
conclusions which supported Forssell’s views 
in many respects. 

Torgersen made a very detailed micro- 
scopical and comparative anatomical study 
of the muscular build of the stomach and 
duodenum, and profitable reference may be 
made to his work. The views of Torgersen, 
the anatomist, support those of Forssell, the 
fluoroscopist, and between them they have 
accumulated a great deal of evidence to show 
that a specialized muscular structure exists 
at the pylorus. Their findings can briefly be 
stated to be as follows: A specialized divi- 
sion of the circular muscle coat of the stom- 
ach, forming a functional and anatomical 
entity and called the canalis egestorius, sur- 
rounds the pyloric part. It consists of three 
muscular loops or thickenings. The first, 
called the right canalis loop, surrounds the 
greater curvature of the stomach at the 
pyloric orifice. The second, the left canalis 
loop, surrounds the greater curvature some 
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distance orally to the pyloric orifice. The 
free ends of both loops meet on the lesser 
curvature in the third thickening or loop, 
called the muscle “torus” or knot. A coronal 
section through the canalis egestorius will 
therefore show a triangular muscular struc- 
ture with the apex, being formed by the 
muscle knot, situated on the lesser curve. 
The muscle knot and right canalis loop are 
than the left loop, in 
humans, and constitute the relatively thick 
muscle band normally felt at the pylorus. 
The whole structure corresponds to the fan- 
shaped or harp-shaped muscle, which was 


better developed 


independently demonstrated by Cole. 

A roentgenologic study of the pyloric con- 
tractions in 121 normal stomachs has led us 
to believe that the details of the contractions 
can clearly be explained on Torgersen’s con- 
ception of the anatomy of the part.® 

From the above it will be clear that the 
focal muscular enlargement described in our 
two cases and in those of Bachmann’s first 
group was located in the exact situation of 
the pyloric muscle knot. In this connection 
it is interesting to note that Bachmann, 
himself apparently unacquainted with Torger- 
sen’s work, found that the hypertrophied 
area may resemble an enlarged photograph 
of a normal section of that area. All this 
evidence leads us to believe that our two 
cases and those of Bachmann’s first group 
constitute a type of focal pyloric enlargement 
consisting of enlargement of the pyloric 
muscle knot. In our first case there was an 
actual hypertrophy of the muscle knot; in 
the second case, a spasm. 

The cases described in Bachmann’s sec- 
ond and third groups are apparently more 
difficult to explain. Our fluoroscopic ob- 
servations of the normal pyloric contractions 
showed that the peristaltic wave stops short 
some distance orally to the pyloric orifice. It 
then merges imperceptibly inte a contraction 
of the pars pylorica, which commences as a 
widening of the impression of the pyloric 
muscle knot. The latter then fuses with the 
contraction close to it on the lesser curvature, 
previously established by the peristaltic wave. 
Consequently, a fairly wide area of contrac- 
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tion is formed on the lesser curvature (and 
not on the greater curvature at this stage). 

The site and extent of the muscular hyper- 
trophy in Bachmann's third group would 
correspond exactly to the area of contraction 
on the lesser curve seen at this stage in the 
pyloric cycle. It is conceivable that it is the 
pathological counterpart of a physiological 
contraction, just as hypertrophic pyloric 
stenosis in adults is considered to be the 
pathological counterpart of the physiological 
maximal contraction of the canalis eges- 
torius.? 

The muscular hypertrophy in Bachmann’s 
second group appears to occur in the area 
where the pyloric wave stops short, i. e., some 
distance orally to the pyloric orifice. 


SUMMARY 


One case of focal hypertrophy and another 
of focal spasm of the pyloric musculature 
are described. The enlargement occurred in 
each case on the lesser curvature at the 
pyloric orifice. A few similar cases described 
in the literature are reviewed. This type of 
focal pyloric enlargement in adults can be 
rationally explained on an anatomical basis. 

Dr. W. F. Warffemius, of the Central Military 
Hospital, Utrecht, supplied particulars of the first 
case. The operation was performed by Dr. H. Aris, 
of Amsterdam, and both microscopical examinations 
were done by Dr. R. van Dam, also of Amsterdam. 
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A Microspectrophotometric Study of the Endometrial Glandular Nuclei 


in the Physiologic Cycle and in Atrophy 


JAMES C. HARKIN, M.D., St. Louis 


INTRODUCTION 


The diploid chromosome number is char- 
acteristically found in the majority of normal 
mammalian tissues. Three groups of excep- 
tions to this have been observed: (1) the 
primary spermatocyte, spermatid, and sperm 
and the unfertilized ovum; (2) polyploid 
nuclei, or those with multiple chromosome 
sets ; in some lower animals these have been 
found to comprise a considerable portion 
of certain tissues, however in mammals the 
number is usually relatively small,’ and (3) 
cells with aneuploid chromosome number, or 
variations not multiples of the haploid count. 
The last finding, observed by Hsu and 
Pomerat ' in tissue cultures, was confined to 
scattered nuclei, isolated from similar nuclei. 
There was no formation of new groups of 
cells that maintained the aneuploid count, 
and the majority of the cells had a diploid 
The variation in 
chromosome number was usually not ex- 


chromosome number. 
treme, being confined to several extra sets 
of chromosomes or a missing pair. 

None of these exceptions to the general 
phenomenon of diploidy has been associated 
with wide ranges of chromosome number 
or with considerable numbers of subdiploid 
values in somatic tissue. Therefore the ob- 
servations of Timonen ? and Manna * of such 
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a distribution of the chromosome number in 
normal human endometrial cells deserve 
further attention. On direct examination of 
cells from endometriuin of the proliferative 
phase, where numerous mitotic figures are 
observed, Timonen found cells with chromo- 
some numbers varying from 4 to 104. The 
highest frequency was found at 20 to 25 
chromosomes and a lower peak at 45 to 
50 chromosomes. Sachs,‘ also directly count- 
ing obtained chromosome 
counts showing a relatively constant diploid 
number of 48. Hsu and Pomerat ' and Booth- 
royd and Walker presented evidence that 
the technique of crushing nuclei and treating 
the tissues in the manner utilized by 
Timonen can result in different chromosome 
counts from those obtained by other methods. 
After crushing, a nuclear outline to define 
the limit of one group of chromosomes was 
missing; in addition, small clumps of chro- 
mosomes were scattered into adjacent cells. 


chromosomes, 


Since direct chromosome counts of human 
endometrium had resulted in contradictory 
results, checking the observations by a dif- 
ferent method seemed indicated. The tech- 
nique utilized in this study was measurement 
of nuclear deoxyribonucleic acid (DNA) 
content as an indirect method for suggesting 
chromosome number. 

DNA has been shown as a most consistent 
and important constituent of somatic chro- 
mosomes. Although DNA content is not 
a chromosome count, nevertheless total 
nuclear DNA content has been repeatedly 
observed te have a direct relationship to 
chromosome number.* Leuchtenberger,® re- 
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viewing the study of 15,000 nuclei, observed 
a consistent direct relationship between 
chromosome count and DNA as determined 
by direct chemical analysis and by micro- 
spectrophotometric studies with use of 
Feulgen-stained nuclei and ultraviolet ab- 
sorption. In addition, it has been shown 
that DNA content double that of the sperm, 
or a multiple value of it, is a characteristic 
finding in mammalian tissue. 


The merit, specificity, inherent errors, and 
limitations of the Feulgen reaction in micro- 
spectrophotometric studies for nuclear DNA 
as well as the applicability of the Beer- 
Lambert law to such studies have been re- 
cently reviewed by Pollister and Ornstein,’® 
and Leuchtenberger.® 


MATERIALS AND METHODS 


Eight cases were studied, the specimens being the 
complete uterus from women with no evidence of 
disease other than uterine procidentia. The cases 
were chosen from the surgical specimens submitted 
to the Institute of Pathology for routine examina- 
tion. The clinical history of the patients showed 
that they had had regular menstrual periods of 28 
to 30 days and that all except one had had un- 
complicated pregnancies. Anatomically the uteri 
were of normal weight and shape, contained no 
fibromyomata, and were lacking in evidence of 
ovarian or tubal disease. In each case the histologic 
determination of the phase within the endometrial 
cycle coincided with the time as determined by 
history.t The ages of the patients with cyclic 
changes in the endometrium were 29, 31, 33, 39, and 
44 years; the postmenopausal patients’ ages were 
52, 65, and 68. The cases judged to represent the 
proliferative phase of the cycle were 9 days and 
14 days following a menstrual period, while those 
representing the secretory phase were 18, 21, and 
25 days following a menstrual period. 

Tissue blocks were cut from the posterior portion 
of the midregion of the fundus to include myo- 
metrium and full thickness of the endometrium. 
The tissue was fixed in 10% formalin, then de- 
hydrated and carried to paraffin in the Autotechni- 
con. Sections were cut from the blocks at 3, 6, and 
124. Slides were then prepared from three serial 
sections cut at each thickness. These were used for 
the Feulgen reaction, Feulgen control, and Feulgen 
counterstained with fast green. All of the sections 
were stained at the same time in an effort to mini- 
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mize any error related to the reagents and the times 
of the reactions. Preparation of the reagents and the 
technique of the Feulgen reaction have been de- 
scribed by Stowell 2° and Di Stefano.2! The slides 
were not placed in cold HCI. They were hydrolyzed 
in freshly prepared normal HCI at 60 C for exactly 
12 minutes. 

The apparatus used for measurements was a 
modification of that described by Leuchtenberger § 
and was similar to that illustrated by Pollister.1® 
All measurements were performed in a room painted 
black, with no light source other than that used for 
measurements. The light source was an AH4 
Mercury lamp housed in a Bausch & Lomb mono- 
chromator with a Wratten 62 filter to transmit 
light at 550m. Immersion oil was placed between 
the slide and the condensor and between the slide 
and the objective lens; studies were carried out at 
magnifications of 776 and 970. In each case the 
photometric intensity through a central cylindrical 
plug of the whole nucleus (/) was measured by 
recording the deflection on a galvanometer attached 
to a photometric photomultiplier. After each read- 
ing through a nucleus a second reading in a zone 
without tissue was made to record the “back- 
ground” intensity (Jo). Extinction (optical density) 
was found from nomograms prepared from the 


formula E=logw f The DNA content per nucleus 


was obtained by dividing the extinction with the 
plug by the per cent of nuclear volume occupied by 
the plug; this was then computed and expressed in 
arbitrary units according to the method of Swift.24 

Nuclear volume was approximated by measuring 
the largest diameter and the diameter perpendicular, 
averaging them, and treating the nucleus as a sphere. 
Such an approximation of nuclear volume can be 
utilized for a comparative study of nuclei, such as 
those of the endometrium, where they maintain a 
somewhat similar ovoid shape. Nomograms were 
used to transfer average nuclear diameter into 
nuclear volume and to calculate per cent of the 
nuclear volume occupied by the measured central 
cylindrical plug. 

In each of the slides a comparable site was used 
for measurements. The middle layer of the endo- 
metrium was chosen, since histologically this is the 
part in which the cyclic changes are most definite. 
A single gland was chosen, and all the lining nuclei 
that could be studied were measured. Then measure- 
ments were continued in adjoining glands. Various 
sites in the middle zone of the endometrium were 
studied to avoid making all measurements in one 
site. From the slides made of atrophic endometrium, 
nuclei lining glands were studied. Since calculations 
were made on the assumption that an entire nucleus 
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was examined, not one that was cut and only par- 
tially present, special attention was given to observe 
the lower and upper margin of each nucleus meas- 
ured. It was equally important to reject nuclei which 
were overlaid by other nuclei. Sections cut at 12 
were the only ones in which a considerable number 
of whole nuclei could be studied, except in the 
atrophic endometrium. Since the atrophic endo- 
metrial nuclei were small and closely packed, these 
were the most difficult to measure. It is probable 
that cut nuclei, in some instances, were measured 
in the atrophic endometrium, principally because 
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RESULTS 


The results of the DNA measurements 
in 524 nuclei in eight different endometrial 
samples are presented in the Table. Histo- 
grams prepared from the data are presented 
in the Figure. Three combined histograms 
were prepared by adding all of the nuclei 
measured in each of the three functionally 
different groups, i.e., the endometrium of 
proliferative phase, of secretory phase, and 
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AMOUNT OF DNA IN ARBITRARY UNITS 
Histograms presenting the per cent of nuclei with varying DNA content, expressed in whole 
arbitrary units. To the left of each row is a combined histogram cae mtn from an addition of the 


nuclei in the same row, each row representing a functionally di 


liferative phase, secretory phase, and atrophy. 


the dense chromatin pattern made it difficult to 
observe the nuclear margin. Because of this factor, 
low nuclear DNA values in the atrophic endo- 
metrium are considered as the least reliable figures 
in the study. They are included in the data, how- 
ever, since within the scope of the method there was 
no objective way of being certain these might not 
represent real values. 

The statistical method employed to assess the 
significance of the data was the analysis of vari- 
ance.25 In addition, the standard error of the mean 
value of nuclear DNA in each case was calculated. 
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erent group of cases, i. €., pro- 


of atrophy. In a similar manner, a combined 
mean nuclear DNA value was obtained for 
each of the three groups. 


The three groups of cases were compared 
with each other, i.e., those of the prolifera- 
tive phase, those of the secretory phase, and 
those of atrophy. Analysis of variance indi- 
cated that the difference in mean DNA 
content of the three groups was very highly 
significant (p<0.001). There was no sig- 
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nificant difference among the individuals 
within a group; i.e., the differences between 
means of the three cases of secretory phase 
were not significantly greater than one might 
expect if they had each represented a sample 
of cells from the same person rather than 
three different persons. Since the validity of 
measurements of atrophic endometrium were 
open to greatest question, a separate com- 
parison was made between the other two 
groups. Analysis of variance indicated that 
there was a significant difference between 
the mean DNA content of cells of prolifera- 
tive phase and those of secretory phase 
(p<0.05). 

The histograms shown in the Figure 
illustrate the reason for the significantly 
different mean DNA values shown in the 


DNA Measurements in Five Hundred Twenty-Four 
Nuclei in Eight Different Endometrial Samples 


Standard 
Error 
of Mean 
Value of 
Nuclear 
DNA 


Time Since Mean 
Last No.of Nuclear 
Case Menstrual Age, Nuclei DNA, 
No. Period Yr. Measured Units 
Proliferative phase 230 
1 9 days q 110 
2 14 days 29 120 


+ 0.095 

+ 0.106 

Secretory phase 1% 
3 25 days : 60 
4 21 days 7 
é 18 days 


+ 0.003 
+ 0.084 
+ 0.075 
Atrophy 
6 lyr. 
7 16 yr. 
8 20 yr. 


= 0.084 
+ 0.082 
+ 0.077 


different groups. In the secretory phase 
and in the atrophic endometrium a rather 
constant value is obtained, close to the mean 
or presumably diploid value. Actually, in 
these two groups 90% to 92% of measure- 
ments fall between the values of 1.5 to 3 


units. In contrast, in the proliferative phase, 
only 53% of the values fall within the same 
range. The remaining nuclei in the prolifera- 
tive phase show DNA values of greater size. 
In the cases of secretory phase and of atrophy 
62% to 70% of the values fall within the 
narrow range of +0.35 units of the mean 


DNA value. 


ENDOMETRIUM 


COMMENT 

The results of this study are considered 
in relation to the cyclic activity of the 
endometrium. The phases of activity are 
associated with variation in production of 
the ovarian hormones estrogen and proges- 
terone. By convention, the days of the cycle 
have been numbered from the time of 
menstruation, with ovulation occurring at 
the midpoint of a usual 28-day cycle, or, 
more specifically, 14 days prior to menses. 
The 14-day proliferative phase occurs prior 
to ovulation and is the period of growth of 
the endometrium. Histologically this period 
of regeneration is associated with numerous 
mitotic figures in the glandular epithelium. 
After ovulation, and coincident with a pro- 
nounced increase in production of proges- 
terone, mitotic figures are no longer seen 
in the glands. During this second 14-day 
period the prominent features of the endo- 
metrium are cytoplasmic vacuolation and 
the presence of droplets within the lumens 
of the glands. This period, the secretory 
phase, ends at the time of menstruation when 
the endometrium is sloughed. 

Cyclic changes in the endometrium stop 
after menopause, and there is involution. 
The very thin endometrium is comprised of 
a surface layer of epithelium and a few 
short straight small glands. In normal atro- 
phy mitotic figures are not seen in the 
epithelium. 

The results of this study can be interpreted 
to indicate that when mitotic figures cannot 
be identified in the endometrium the nuclei 
show a nearly constant diploid DNA value. 
The mean DNA contents of nuclei of secre- 
tory phase and atrophy (2.51 and 2.30 units) 
are close to that found in this laboratory ** 
in diploid human tissues and are approxi- 
mately double the 1.23 units found in sperm 
nuclei. No distinct classes of DNA values 
are present, although scattered higher values 
might represent rare nuclei with polyploid 
DNA content. Certainly a distinct class pat- 
tern such as that seen in adult liver ** is 
not present. 

Two interpretations may be made of the 
histograms of the endometrium of the prolif- 
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erative phase: (1) that it represents more 
than one class of nuclei, in which over- 
lapping figures due to mitotic activity ob- 
scure the distinct classes, or (2) that the 
values greater than the diploid number are 
entirely a reflection of DNA synthesis dur- 
ing the interphase. Since the same tissue is 
available for study during the secretory 
phase, when mitotic activity is practically 
absent, there is evidence suggesting that the 
first interpretation is unlikely. Certainly the 
finding of increased nuclear DNA content 
in a tissue undergoing mitosis is in keeping 
with the observation of Patau and Swift *” 
that DNA synthesis occurs in the interphase 
or early prophase, when evidence of nuclear 
change by usual methods may be minimal, 
if not absent. 

Vokaer and co-workers || isolated endo- 
metrial stromal nuclei from a patient and 
measured the nuclear DNA by a technique 
similar to the one in the present study, utiliz- 
ing the Feulgen reaction. They observed a 
range of values within the secretory phase, 
but noted that these lie within each other’s 
intervals of confidence. Several values that 
are found statistically to lie within each 
other’s intervals of confidence may be, but 
need not necessarily be, sufficiently close to 
be grouped as one value. If they are that 
close, these values on stromal nuclei of 
secretory phase may lie within the same 
range as those reported here on glandular 
nuclei. Vokaer observed an increased value 
of mean nuclear DNA in the proliferative 
phase. Pyknotic nuclei in the proliferative 
phase had lower DNA values. Possibly this 
is more related to the phenomenon of 
pyknosis, in which lower DNA values are 
known to occur,”* than to the phase within 
the endometrium. Therefore the varying 
values of nuclear DNA reported within the 
stromal nuclei of human endometrium by 
Vokaer need not necessarily be considered 
as contradictory to the findings within 
glandular nuclei reported here. 

A biochemical analysis for DNA in 
samples of endometrial tissue was done by 
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Stein and Stuermer.*° The amount of DNA 
was expressed in terms of grams per 100 
gm. of fresh tissue. The results of such a 
study cannot be readily compared with indi- 
vidual nuclear DNA measurements, because 
they represent a combination of nuclei in 
an unhomogenous tissue which includes the 
surface epithelium, the endometrial glands, 
the stroma, the endothelial cells, and the 
nucleated blood cells. In addition, the rela- 
tive weight of the components other than 
DNA within the tissue may vary. Despite 
all of these factors it is interesting to note 
that in such a study a rise in DNA occurred 
during the proliferative phase. A second 
rise at the end of the secretory phase could 
be caused by many things, but it might be 
related to the occurrence of inflammatory 
cells in increased number at that time. These 
cells have a high nuclear-cytoplasmic ratio 
and would raise the relative proportion of 
DNA within the tissue. 

The observation of increased nuclear vol- 
ume in endometrium of animals being given 
estrogen by Salvatore *' or in human endo- 
metrium by Timonen * could be considered to 
represent nuclear polyploidy, since pro- 
nounced variation in the nuclear volume of 
a given cell type within one tissue has been 
correlated with classes or multiples of chro- 
mosome number. However, Leuchtenberger 
and Schrader ** have shown that variation 
in nuclear size may occur because of changes 
in nuclear protein content while the nuclear 
DNA content remains constant. Although 
it is unlikely, the increase in nuclear volume 
might represent ribonucleic acid, since Stein 
and Stuermer*® observed an increase in 
ribonucleic acid from biochemical analysis 
of endometrial samples from the proliferative 
phase. However, Bremer,** studying ribo- 
nucleic acid histochemically in sections of 
endometrium, found this increase to be in 
the cytoplasm of the cells. It would seem 
probable that the observation of Alfert and 
Bern * is also applicable in human beings 
as well as in experimental animals. Working 
with estrogen-treated ovariectomized rats, 
they did microspectrophotometric studies 
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with use of the Millon reagent for tyrosine 
and tryptophane as an indication of protein 
and the Feulgen reaction for DNA. They 
found increased nuclear volume to be associ- 
ated with increased nuclear protein, but 
there was a constant total nuclear DNA. 
On the basis of the observations made in 
this study the nuclear DNA value of cells 
of the endometrial glands is considered to be 
diploid. If the chromosome counts of human 
endometrium were diploid, it would be in 
keeping with the close correlation found be- 
tween chromosome count and DNA content 
as reviewed by Leuchtenberger.” However, 
small variations in the chromosome number 
from the diploid count, as described by Hsu? 
in other human tissues, would be obscured 
within the range of values for nuclear DNA 
as determined by the present techniques. 
The large number of nuclei of endometrium 
with chromosome counts considerably below 
the diploid value, as reperted by Timonen * 
and Manna,* presents an exception to the 
many observations in other tissues, where 
a consistent correlation between DNA con- 
tent and chromosome count has been made. 


SUMMARY 


With use of the Feulgen reaction for 
DNA a microspectrophotometric study was 
made of the nuclei of the endometrial glands 
in essentially normal surgically removed 
human uteri. Cases studied were representa- 
tive of the endometrium in the proliferative 
phase, in the secretory phase, and in atrophy. 

Statistically significant different mean 
DNA values were found among the three 
groups. The atrophy and secretory phase 
groups had nuclear DNA values of a nearly 
constant diploid number, whereas in the 
proliferative phase many nuclei had values 
greater than the diploid number. 

It is concluded that the nuclei of endo- 
metrial glands have a nearly constant diploid 
DNA value and that the higher values of 
the proliferative phase are merely a reflection 
of DNA synthesis during interphase. 


The relation of these DNA studies to 
chromosome counts is discussed. 


Dr. Cecilie Leuchtenberger encouraged and 
supervised this study, and Dr. Lois McCorkle made 
the statistical analysis of the material. 
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Effect of Wounds on Adjacent Growing 
or Kesting es in Mee 


THOMAS STEPHEN ARGYRIS, Ph.D. 
Syracuse, N. Y. 


INTRODUCTION 


When mouse skin is mildly damaged, there 
is a differential response depending on 
whether the follicles are growing or resting 
at the time of injury (Chase and Montagna, 
1951). After x-irradiation of 300 r to 1000 r, 
there is hair loss in skin with growing 
follicles but no hair loss in skin with resting 
follicles. This differential response of the 
skin to injury may in part be obliterated by 
increasing the severity of the damage ( Argy- 
ris, 1954). Within two to three weeks after 
x-irradiation with 5000 r, the hair is lost ir- 
respective of whether the follicles are grow- 
ing or resting at the time of irradiation. 
Moreover, an ulcer is formed extending part- 
ly into the dermis. The ulcer is surrounded 
by thickened epidermis and disorganized 
hair follicles devoid of sebaceous glands. The 
events during the first two to three weeks 
leading up to the formation of the ulcer, how- 
ever, differ considerably with the stage of 
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hair proliferation present at the time of in- 
jury. For example, marked follicular changes, 
followed by loss of sebaceous glands and 
hair, occur much earlier in skin with grow- 
ing follicles than in skin with resting follicles. 
The question arises as to whether or not this 
remaining differential response can be re- 
moved by increasing the extent of trauma 
and involving the full thickness of the skin. 
The following investigation has been under- 
taken to answer this question. 


MATERIALS AND METHODS 


Thirty-three male and female C 57 black mice 
ranging in age from 4 to 10 months were used. To 
be certain of the precise stage of hair growth, we 
plucked the entire dorsum of each mouse. Plucking 
of resting follicles initiates new hair growth in the 
plucked areas (Chase and others, 1951). The ani- 
mals were placed under ether anesthesia, and two 
or four circular areas 5 mm. in diameter were out- 
lined on the backs of the mice with the use of a 
sharp cork borer. The outlined areas were then cut 
out with scissors to a level which included the 
panniculus carnosus. The wounds were made at the 
foliowing three stages of hair growth (Chase and 
others, 1951) : 

Group I. Wounds made a few hours after 
plucking (mitotic activity starting in 
the follicles) 

Group II. Wounds made eight days after pluck- 
ing (fully differentiated growing fol- 
licles) 

Group III. Wounds made 21 days after plucking 

(again resting follicles) 

After the wounds were made, the animals were 
placed in individual plastic cages. Seventy-nine 
wound areas were removed along with some sur- 
rounding skin at 1, 4, 7, 10, 14, and 21 days. Each 
biopsy specimen was cut into two pieces, and both 
pieces were fixed in formol-calcium (Baker, 1949), 
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Fig. 1.—Disorganization of the hair follicles with 
loss of sebaceous glands; also, hyperplastic connec- 
tive tissue underneath the panniculus carnosus, 
entering the wound. Toluidine blue; x 100 


Fig. 2—Glycogen in the regenerating epithelium ; 
also, follicle fused to regenerating epithelium. 
Periodic acid-Schiff reaction and toluidine blue 
counterstain; x 100. 


dehydrated and cleared in dioxane, and embedded in 
paraffin. Sections were cut serially at 7# or 8«. 
One part of the series was stained with toluidine 
blue buffered to pH 4.5 with MclIlwaine’s buffer 
(Lillie, 1948; Montagna and others, 1951). The 
otker sections were stained by the periodic acid- 
Schiff (PAS) technique (McManus, 1948) and 
counterstained with toluidine blue; control sections 
were treated with saliva or 0.1% diastase in phos- 


Fig. 3.—Regenerating epithelium of a 7-day-old 
wound. Note homogeneous appearance. Compare 
with Figures 4 and 5. Toluidine blue; x 100. 


phate buffer before they were stained (Lillie and 
1947), in order to differentiate between 
glycogen and mucopolysaccharides. 


Greco, 


OBSERVATIONS 


One Day.—In all groups the wound is 
covered by a fibrin clot. Below the clot the 
wound is filled with granulation tissue com- 
posed largely of fibroblasts and very delicate 
fibers. The source of the granulation tissue 
is the areolar connective tissue underlying 
the panniculus carnosus. This areolar tissue 
has become markedly hyperplastic and enters 
the wound (Fig. 1). Contributions from the 
dermis are not apparent. 

In skin with growing or resting follicles 
the epidermis adjacent to the wounds is 
thicker. Many of the cells in the upper layers 
of the enlarged epidermis contain glycogen. 

The follicles of mice in Group I (plucked 
24 hours previously) have an external root 
sheath and a germ region which has many 
mitoses. 

Mice in Group II have fully differenti- 
ated growing hair follicles. These follicles 
are composed of an external root sheath, in- 
ternal sheath, hair shaft (cortex and medul- 
la), and a hair bulb undergoing vigorous 
mitotic activity. The cells of the external 
root sheath contain abundant glycogen, and 
the cells of the matrix have large nuclei and 
nucleoli and deeply basophilic cytoplasm. 
The papilla is intensely metachromatic and 
PAS-positive. 

Resting follicles (Group III) have only 
a club hair surrounded by a single sheath, the 
external root sheath. Moreover, the cells of 
the external sheath are small, and they have 
crenated nuclei surrounded by very little 
cytoplasm. Below the follicle is the papilla, 
which is made up of a group of cells arranged 
as a ball which shows no metachromasia or 
reaction with the PAS reagent. 

Four Days.—In all groups the epidermis 
surrounding the wound is thicker than it is 
at one day after injury. 

Follicles in skin of mice in Group I ex- 
hibit a loss of organization, and the sebaceous 
glands disappear. The characteristic germ 
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region, as well as the cells of the external 
sheath, is absent, and in its place are large 
cells which have vesicular nuclei with prom- 
inent nucleoli and abundant cytoplasmic baso- 
philia. 

The fully differentiated growing follicles 
of Group II also appear as cords of cells 
without sebaceous glands. Normally these 
follicles possess an external sheath which is 
laden with glycogen, an internal sheath, a 
matrix area, and an elongated papilla. 

The organization of the resting follicle, 
Group III, is gone. In place of the small 
external root sheath cells, with crenated 
nuclei, there are now large cells which pos- 
sess abundant cytoplasmic basophilia. In ad- 
dition, the sebaceous glands are no longer 
evident. 

Therefore, irrespective of whether the fol- 
licles are growing or resting at the time of 
injury they have become converted into 
cords of cells which are indistinguishable as 
to origin (Fig. 1). This transformation of 
variety of follicular cells into cords of cells 
of uniform composition indicates a modula- 
tion of different cells to a common type. 

Since the results from this point on are 
the same, no group distinctions will be made. 

Many of the disorganized follicles or cords 
of cells appear to form an integral part of the 
regenerating epidermis. The mass of re- 
generating epithelium may appear homogen- 
eous in single sections, but when traced 
serially, it is usually found to contain por- 
tions of follicles (Figs. 3, 4, and 5). Occa- 
sionally a follicle which has had its bulb cut 
away may have its lower cut end fused with 
regenerating epithelium, whereas its upper 
portion is still attached to the overlying epi- 
dermis (Figs. 2 and 6). When growing 
follicles take part in epithelial regeneration, 
the cells of the external root sheath usually 
lose their glycogen. 


Seven Days.—Most of the regenerating 
epithelial cells extend only partially across 
the wound. The adjacent disorganized cords 
of follicular cells are incorporated into the 
epithelial tongues and give the proximal por- 
tions of the new epithelial layer an uneven 


Fig. 4.—Regenerating epithelium, few sections 
after Figure 3. Note beginning of the appearance 
of a hair follicle. Toluidine blue; x 100. 


Fig. 5.—Few sections after Figure 4. Another 
follicle contributing to the regenerating epithelium. 
Toluidine blue; x 100. 


appearance. The connective tissue of the 
wound is denser and more richly vascularized 
than it was at one day. 

Ten Days.—The thick regenerated epi- 
thelium completely covers the wound. The 
granulation tissue is rich in cells and contains 
more collagenous fibers. 

Fourteen Days.—The regenerated epider- 
mis is thinner and composed of fewer cells. 


Fig. 6.—Lower portions of the hair follicle fused 
with the regenerating epithelium. Glycogen in the 
regenerating epithelium. Periodic acid-Schiff reac- 
tion and toluidine blue counterstain; x 100. 
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Fig. 7—Cysts in a 21-day-old wound. Toluidine 
blue; x 100. 


In the partially repaired wound a few of the 
hair follicles have been converted into small 
dilated sacs which open onto the surface of 
the epidermis, are filled with keratinous ex- 
foliation, and have walls four to six cells in 
thickness. The granulation tissue is slightly 
denser than it was at 10 days. 

Twenty-One Days.—The epidermal cells, 
although smaller than before, are still larger 
than those of normal skin; however they no 
longer contain glycogen. The granulation 
tissue is dense (Fig. 7), and the collagen 
fibers are stratified in horizontal layers. Hair 
follicles undergoing cystic transformation 
and fuliy keratinized cysts are often en- 
countered (Fig. 7). 


COMMENT 


Chase and Montagna (1951) have demon- 
strated experimentally that the response of 
the skin of mice to mild trauma can be in- 
fluenced by the physiological condition of 
the hair follicles. Their investigations dis- 
close that x-irradiation of approximately 
300 r to 1000 r produces epilation in skin with 
growing follicles, but not in that with resting 
ones. On the other hand, a single applica- 
tion of 0.6% solution of methylcholanthrene 
in benzene to skin with resting follicles re- 
sults in enlargement of the epidermis and 
disorganization of the hair follicles accom- 
panied by hair loss, whereas in skin with 
growing follicles only a mild epidermal en- 
largement without hair loss occurs. They 
correctly concluded that the response of the 
skin to a traumatic stimulus differs signifi- 
cantly with the stage of hair proliferation 
present at the time of injury. 
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Since Chase and Montagna utilized mild 
damaging agents, the question arises as to 
whether or not a severe trauma can eliminate 
this differential response of the skin to in- 
jury. In an earlier study (1954) I demon- 
strated that most of the differential response 
to x-irradiation can be destroyed by high 
dosages. In skin with growing or resting fol- 
licles an x-ray dose of 5000 r produces, with- 
in two to three weeks, an ulcer surrounded 
by an enlarged epidermis and disorganized 
hair follicles composed of cords of cells with- 
out sebaceous glands. Nevertheless, the 
events leading to the formation of the ulcer 
differ both grossly and microscopically, de- 
pending on the stage of the hair cycle present 
at the time of irradiation. For example, with- 
in 5 days after irradiation of growing folli- 
cles the hairs are lost, whereas in skin with 
resting follicles hair loss does not occur for 
at least 14 days after irradiation. Moreover, 
microscopic changes are evident within three 
days after irradiation of growing follicles but 
are not apparent until seven days after ir- 
radiation of resting follicles. Thus, although 
the differential response of the skin is lost 
as far as the ultimate formation of a wound 
and its repair is concerned, a difference per- 
sists in the steps leading to the development 
of the wound. 

The present investigation demonstrates 
that in severe damage, i. e., after removal of 
an entire piece of skin, the adjoining epi- 
dermis enlarges within four days and the hair 
follicles lose their organization and sebaceous 
glands, just as in severe radiation damage. 
Also, as in radiation damage, although 
wound repair is the same, the events leading 
up to the epithelial enlargement and disor- 
ganization differ, depending on the stage of 
the hair cycle present at the time of injury. 
In skin with resting follicles, the steps lead- 
ing to the epithelial thickening involve the 
single transformation of the small external 
root sheath cells into cords of large basophilic 
cells. On the other hand, the fully differenti- 
ated hair follicles are more complex and 
undergo more elaborate changes. The cells 
of the external sheath, for instance, lose 
their glycogen in addition to enlarging and 


acquiring cytoplasmic basophilia. Also, the 
elongated papilla becomes a round ball of 
cells and loses its metachromasia and PAS 
staining. 

This adaptation or “alarm’”’ response of the 
skin to injury, i. e., the epidermal hyperplasia 
and hypertrophy and disorganization of the 
hair follicles with loss of sebaceous glands, 
appears to be a general reaction of skin to 
damage of at least a critical intensity. It has 
been observed after exposure to x-rays or 
beta rays (Toosy, 1951; Miescher, 1930; 
Snider, 1948; Geary, 1952; Moritz, 1952) 
and after single or multiple applications of 
methylcholanthrene (Montagna and Chase, 
1950; Simpson and Cramer, 1943; Cowdry, 
1943 ; Boulas,* 1955; Wolbach, 1951). How- 
ever, the time required for the skin to exhibit 
the adaptive response differs. In wound 
healing, it occurs within the first four days, 
commonly known as the latent period (Arey, 
1936). In radiation damage, it requires 
about 14 to 21 days, and after the applica- 
tion of methylcholanthrene, 5 days. 

In summary, the adaptive or “alarm” re- 
sponse of the skin of mice is the result of the 
modulation of various populations of cells 
of the epidermis and hair follicles from their 
normal structure to a common cell type. In 
addition, the steps in the establishment of 
this adaptive response and the time required 
for these steps vary according to the kind of 
injury and the stage of hair proliferation 
present at the time of injury. 


SUMMARY 

The effects of wounds on the adjacent hair 
follicles of mice at three different stages of 
growth have been studied. 

Within four days after removal of a piece 
of skin the surrounding hair follicles lose 
their organization, the sebaceous glands dis- 
appear, and the follicles become transformed 
into cords of cells which possess abundant 
cytoplasmic basophilia. In the course of this 
transformation the various cell elements of 
the follicles lose their identity and become 
indistinguishable from one another. 


* Boulas, S.: 
author, 1955. 


Personal communication to the 


RESPONSE OF HAIR FOLLICLES TO TRAUMA 


These events occur irrespective of whether 
the follicles are resting or growing at the 
time of the injury. 

Since the follicles at the three stages of 
development are different, both morphologi- 
cally and physiologically, the transformation 
of these three different structures into indis- 
tinguishable cords of cells bespeaks mass 
modulation of the various cellular compo- 
nents of the follicles to a common cell type. 

These responses of the hair follicles are 
discussed in relation to the general reaction 
of the epidermis, follicles, and sebaceous 
glands to other kinds of trauma. It is sug- 
gested that the reaction of skin to injury 
represents a form of “alarm” response. 
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athology of the 


B. G. CLARKE, M.D., Boston 
and 
ROCCO LATORRACA, M.D., Cambridge, Mass. 


A histologic and clinical study is reported 
of 17 cases of prostatic median bar treated 
by transurethral resection. This was under- 
taken in the effort to discover if the lesion 
might have a typical histologic character 
which might account for its etiology or sug- 
gest improvements in conventional treatment. 

The patients were seventeen men ranging in age 
from 21 to 78 years (Series A). The average age 
was 50 years. Clinical and historical data are sum- 
marized in Tables 1 and 2 for this group of patients. 
Each patient exhibited typical cystourethroscopic 
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TasLe 1.—Historical Data, Seventeen Typical 
Cases of Prostatic Median Bar (Series A) 


Cases, 

No. 
History of obstructive symptoms................. 14 
History of irritative as well as obstructive 
6 


No history of obstructive symptoms; lesion rec- 
ognized at cystoscopy done for other con- 
ditions and voiding improved after resection 

History or clinical evidence of prostatitis (in ex- 
cess of 10 leucocytes per high-power fleld of 


occ oe 6 
History of urethritis prior to present illness..... 4 
History or laboratory evidence of associated 

urinary 


rostatic Wedian 


TasLe 2.—Results of Rectal Palpation and Cysto- 
urethroscopic Examination, Seventeen Typical 
Cases of Prostatic Median Bar (Series A) 


Cases, 
No. 
Prostate smaller than normal for age (rectal ex- 
9 
Prostate of normal size for age (rectal exam- 
6 
Palpable hyperplasia (rectal examination)........ 2 
Median bar palpable rectally against urethral 
ll 
Residuum in excess Of BO 7 
No recognizable hypertrophy of bladder wall..... 5 
Definite trabeculation of bladder wall............ 9 
Diverticulum formation in bladder..............++ 3 


evidence of prostatic median bar as defined by Ran- 
dall’s and Peyton’s descriptions, which are quoted: 

“The true fibrotic bar exhibits an elevated vesical 
lip, sclerosed sphincter, narrowed orifice, and tor- 
tuous or dilated urethra. . . . Treatment may be 
accomplished in one of three ways, fulguration, 
punch operation, or open dissection. I might add a 
fourth way, that by cautery destruction at open 
operation.” 1 

“Inspection will reveal a bar or dam across the 
inferior portion of the vesico-urethral orifice with 
depression of the trigone proximally and of the pros- 
tatic urethra distal to it. The circumference of this 
orifice not occupied by the bar is usually contracted 
so that the outlet may consist only of a ‘pin-point’ 
opening. . . . In the vast majority . . . obstruc- 
tion is not limited to one segment [of the bladder 
neck] and surgery must be performed throughout 
the entire circumference of the orifice.” 2 

In each case, at urologic examination, the prostate 
was palpated and its size was estimated with refer- 
ence to normal for the patient’s age. Residual urine 
was measured. The prostate was palpated rectally 
against the cystoscope sheath to detect, if possible, 
thickening of the posterior bladder neck. At cystos- 
copy the presence or absence of hypertrophic 
changes in the bladder wall or of diverticula was 
noted. Resection, using the Stern-McCarthy elec- 
trotome, was confined as accurately as possible to 
the prominent, obstructing, posterior bar at the 
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Fig. 1 (Case 1).—Man, 
47, with typical prostatic 
median bar, improved 
after resection. Hyper- 
trophy of smooth muscle 
bundles in resected tissue. 
Reduced % from mag. 
x 75. 


Fig. 2 (Case 1).— 
Hypertrophy of smooth 
muscle fibers and peri- 
nuclear vacuolation. Re- 
duced % from mag. 
« 240. 


Fig. 3 (Case 2).—Man, 
41, with typical prostatic 
median bar. Hypertrophy 
of smooth muscle bundles 
and interfascicular edema. 
Reduced % from mag. 
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PROSTATIC MEDIAN BAR 


bladder neck. Microscopic slides of specimens were 
prepared with use of hematoxylin and eosin and 
Van The latter is a differential 
stain for smooth muscle, which stains a golden 
yellow, and for collagen fibrous tissue, which stains 
red. 


Gieson’s stains. 


For control purposes, in addition to specimens 
from the 17 cases of median prostatic bar, similarly 
prepared prostate tissue samples from 12 cases of 
typical lateral lobe hyperplasia (Series B) were 
added, without separate identification, to the ma- 
terial for study. Histologic description and classi- 
fication were then carried out by one of us (R. L.). 
The study of slides was made without reference to 
any identifying clinical data until after final tabula- 
tion of results had been made. 


Fig. 5 (Case 3).—Field 
selected to show peri- 
nuclear vacuolation of 
muscle cells. Reduced 4% 
from mag. x 240. 


Fig. 4 (Case 3).—Man, 
32, with typical prostatic 
median bar, improved 
after resection. Hyper- 
trophy of muscle bundles 
and definite, though not 
severe, interfascicular fi- 
brosis. Reduced 4% from 
mag. X 75. 


HISTOLOGIC RESULTS 

It became evident, as the study progressed, 
that routine hematoxylin and eosin prepara- 
tions served as well for differentiating smooth 
muscular hypertrophy as the Van Gieson 
stain. To standardize observations, however, 
13 specimens in Series A and all 12 speci- 
mens in Series B were treated by both 
techniques. 


Among the seventeen patients with pros- 


tatic median bar, the predominant lesion 


proved to be a thickened firm raised internal 
sphincter composed of hypertrophied smooth 


we 
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Taste 3.—Correlation of Clinical and Histologic 
Data in Seventeen Typical Cases of Prostatic 
Median Bar (Series A) 


Cases, No 
Sus- Good Equivocal 
tained Result or Not 
Good with Poor Fol- 
Histology Result Relapse Result lowed 
Muscular hypertrophy 6 on oe 2 
alone 
Muscular hypertrophy 1 1 2 
with ehronic 
prostatitis 
Muscular hypertrophy 2 1 


with glandular 
hyperplasia 


Normal internal ae oe 2 
sphincter resected; 
chronie prostatitis 


TasBLe 4.—Classification of Histologic Findings in 
Twelve Cases of Typical Lobar Hyperplasia 
of Prostate, With or Without Bar Forma- 
tion or Prostatitis (Series B) 


Type of Material No. 


Lateral lobe 2 
Lateral lobe hyperplasia with chronic prostatitis.. 4 
Lateral lobe hyperplasia with median bar.......... 2 


Lateral lobe hyperplasia with median bar and 
chronic 


muscle fibers and bundles (Table 3; Figs. 
1, 3). The hypertrophied smooth muscle 
fibers almost invariably showed a perinuclear 
vacuolation (Figs. 2, 5), and this was most 
marked in the most hypertrophied fibers. 
This latter characteristic is not specific for 
this lesion but has been encountered by one 
of us (R. L.) in smooth muscle obtained 
from esophagus, stomach, large bowel, and 
ureters in segments of these organs proximal 
to obstructing lesions as well as in specimens 
of hypertrophied pylorus of pyloric stenosis. 

Along with the hypertrophy in the smooth 
muscle fibers edema of the stroma was found 
(Fig. 3), which in the severest cases pro- 
ceeded to fibrosis (Fig. 4). In none of these 
17 cases was there significant histological 
evidence of an inflammatory process. 

We did not encounter these changes in 
the fibromuscular stroma of the specimens 
obtained from cases of lobar hyperplasia 
of the prostate (Series B, Table 4). 
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A. M. A. ARCHIVES OF PATHOLOGY 
COMMENT 
A survey of the results of treatment 


(Table 3) suggests that if a conservative 
resection of the posterior bar alone is to be 
done cases must be selected and followed 
carefully. The best results were attained in 
persons who had no evidence of chronic 
prostatic infection. The conservative resec- 
tion was performed in the effort to preserve 
function of the internal sphincter and to 
avoid ejaculatory reflux of semen into the 
bladder. The latter aim, as far as could be 
judged, was successfully accomplished. It 
is likely that if fertility is not a material 
consideration and, particularly, if prostatitis 
is associated with the obstructing bar forma- 
tion, a wide prostatic resection would yield 
better symptomatic results than those ob- 
tained in the group of patients included in 
the present study. 

The age distribution of the patients and 
chronicity of their complaints suggest that 
in some cases at least the lesion may be a 
congenital one. Burns, Pratt, and Hendon *® 
have discussed congenital contracture of the 
bladder neck in detail. 

Randall* regarded the median bar as “a 
fibrosis which stenoses the bladder 
. [as] . .. the result of long- 
standing prostatic infection.” Our observa- 
tions suggest that a lesion of similar char- 
acter may also be a primary hypertrophy 
of the smooth muscle of the internal sphinc- 
ter. This type of lesion was described as 
early as 1861 by Thompson.’ The lesion 
described by Randall may be a later stage 
of the process, accentuated by urinary and 
prostatic infection due to long-standing blad- 
der neck obstruction. The histologic finding 
in our specimens of no important inflamma- 
tory changes within the bar tissue makes it 
seem unlikely that inflammation preceded 
the development of the hypertrophic changes. 
It may be, indeed, that the prostatic median 
bar represents two distinct disease entities: 
an idiopathic or congenital hypertrophy of 
the muscle of the internal sphincter, as seen 
in our cases, and a contracture of the same 


orifice . 


PROSTATIC MEDIAN BAR 


tissue resulting from long-standing infection, 
as described by Randall. 


SUMMARY 
Tissue from resected prostatic posterior 
median bars was studied with stains dif- 
ferentiating cellular structures, smooth mus- 
cle, and fibrous tissue. In the group of pa- 
tients studied, the predominant lesion was 
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found to be a smooth muscle hypertrophy 
associated with varying degrees of inter- 
fascicular edema and interfascicular fibrosis. 


News and Comment 


GENERAL NEWS 


Appointments.—Dr. Robert A. Moore, of the University of Pittsburgh, has been appointed 
to the National Advisory Cancer Council of the U. S. Public Health Service, and Dr. Douglas 
H. Sprunt, of the University of Tennessee, has been appointed to the Cancer Control Committee 
of the National Cancer Institute of the U. S. Public Health Service. 


Semmelweis Award to Dr. Hans Selye.—The American-Hungarian Medical Association, 
of New York City, held its annual Semmelweis meeting on Friday, Dec. 9, 1955, in the New 
York Academy of Medicine. The Semmelweis lecture for 1955 was given by Dr. Hans Selye, 


of Montreal, who talked on the subject of Recent Progress in the Study of Stress. At this meeting 
Dr. Selye was presented with the Ignatz Semmelweis Medal. 


PERSONAL 
Dr. Arnold R. Rich Honored in Puerto Rico.—Dr. Arnold R. Rich was one of the guests 
of honor at the 52nd Annual Assembly of the Puerto Rico Medical Association which was held 


in Santurce, Dec. 6-10, 1955. He presented a paper on Studies on the Pathogenesis of Cirrhosis 
of the Liver. 


Appointment of Dr. Alfred Angrist.—Dr. Alfred Angrist has been appointed Professor 
and Chairman of the Department of Pathology in the Albert Einstein College of Medicine, of 
Yeshiva University. 
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to Idiopathic Hemochromatosis and Allied Conditions 
JOHN P. WYATT, M.D., St. Louis 


From our earlier investigations on chronic 
marrow failure * a group of cases in which 
the patients had received multiple trans- 
fusions over several years revealed, on 
postmortem study, massive accumulations 
of visceral iron. These cases have been 
rather loosely labeled ‘“exogenic 
chromatosis.” * 

One of the purposes of this contribution, 
utilizing new material, is to amplify and 
extend our earlier observations on trans- 
fusional siderosis,‘ charting not only the 
morbid anatomic markings in the viscera 
but also correlative physicochemical analysis. 
Although more than 557 cases of trans- 


hemo- 
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P. alterns o P. athological Storage 


Il. The Nature and Significance of Transfusional Siderosis and Its Relationship 


TasLe 1.—Dysgenerative Anemia Group Iron Content Expressed as Dry Weight, Gm./100 cc. 


fusional 


siderosis have been documented, 
previous studies have not integrated anatomic 
patterns, quantitative iron analysis, and the 
monitoring action of the original disease 
upon the internal disposition of the iron. 
From previous observations and our pres- 
ent findings the natural history of trans- 
fusional siderosis is drawn. These observa- 
tions on the biologic development of 
transfusional siderosis, with correlative and 
comparative studies of other forms of patho- 
logic iron storage, appear to bring us still 
nearer to the solution of that enigmatic 
condition, idiopathic hemochromatosis. 


MATERIAL AND METHODS 


The material for this investigation was drawn 
from 26 autopsies in cases of repeatedly transfused 
hematologic disorders and biopsy material from a 
long-standing case of Cooley’s anemia. The amount 
of blood iron transfused ranged from 3.5 gm. of iron 
(a total blood iron contribution greater than the 
total visceral iron assayed in any control case) up 
to 77 gm. (Tables 1 and 2). 

Of these cases, 12 were classified as instances of 
dysgenerative anemia. During life these had been 
diagnosed as aplastic anemia (five), dysgenerative 
anemia (one), myelofibrosis (four), and Cooley’s 
anemia (two). 

Of the 27 cases, 15 were classified as examples of 
malignant lymphomatous disease. These consisted 


Case Case 
2 3 4 


0.06 0.11 0.09 860.19 1.21 0.39 
ly 1% 2% 6 1 
yr. yr. yr. yr. yr. 
Infusional iron....... 0 6.0 18.5 28.25 33.75 27.2 
em. em. gm. gm. gm. 
Total iron............ 1-2.5 4.1 2.7: 9.2 


Case Case 
5 


1.45 
0.48 
O33 


gm. 


Case Case 


Case Case Case 
7 s 9 10 


4.2 3.10 187 104 7.3 3.48 5.1 
1.92 2.45 3.5 sees 2.2 0.7 
0.089 0.8 0.99 0.15 


0.33 esse 2.07 1.67 
0.32 cove 1.2 1.57 
4 3 ll 3 4 4 12 
yr. yr. yr. yr. yr. yr. yr. 
35.6 43.0 DO 61.2 53.25 60.25 77.2 0 
em. gm. gm. gm. gm. gm. gm. 
37.2 20.6 42.3 42-54 
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trol 1 5 11 12 Control 
: 0.12 044 1.00 2.65 
gm gm. gm. gm. gm. TI gm. gm. gm. gm. gm. gm. gm. gm. 


IRON STORAGE—TRANSFUSIONAL SIDEROSIS 


of chronic myelogenous leukemia (one), malignant 
reticulosis, probably Hodgkin's (one), lymphoblastic 
leukemia (two), chronic lymphocytic leukemia 
(five), subacute lymphocytic leukemia (one), Hodg- 
kin’s lymphoma (two), aleukemic myelosis (two), 
and subacute granulocytic leukemia (one). 


Chroma- 
Case 27 tosis 
30.8 gm. 54.0 gm. 


. 36.2 gm. 


For purposes of brevity, only pertinent find- 
ings from the histories of these hematologic dis- 
orders are included in the Clinical Commentary. 


Case 26 
25.2 gm 


Histopathologic examination was carried out on 
the heart, liver, spleen, lungs, kidney, gastrointesti- 
nal tract, lymph nodes, marrow, and skin. In 


Case 25 
17.4 gm. 


the majority of cases, striated muscle, endocrine 
glands, and brain were also examined. All sections 
were stained routinely with hematoxylin and eosin 
and Cappell’s hot potassium ferrocyanide method, 
counterstained by basic fuchsin. Masson’s trichrome 
stain counterstained by Azogernanine or Kiton red 
was performed on all liver tissue. Kidney sections 
in all cases were stained by Lison’s patent-blue 
method for demonstration of hemoglobin casts. 


Case 24 
13.75 gm. 24.5 gm. 
9.2 gm. 


Case 23 
13 gm. 
6.1 gm 


Case 22 
10.5 gm. 
12.2 gm 


In the Morphologic Commentary, the structural 
alterations noted in both groups are incorporated 
together, but the influence of increasing concentra- 
tions of iron and the natural history of the initial 
disease process are stressed. 


xpressed as Dry Weight, Gm./100 ce. 


Case 21 
9.5 gm. 
6.1 gm 


Case 20 
9.2 gm. 
10.3 gm 


Chemical estimation of tissue from the heart, 
liver, spleen, vertebral-sternal marrow, kidney, pan- 


Case 19 
9.0 gm. 
5.0 gm 


creas, and adrenal was carried out on most cases. 
In Cooley’s anemia (Case 8) only laparotomy spec- 
imens from the liver and spleen were available, as 
the patient is still under treatment. In this latter 
case, for total iron estimations, the weight of these 
organs was approximated by use of Saphir’s tables. 


a 


The technique adopted for quantitative chemical 
studies was a modification of Smith's,’ in which 
dried biological tissue was ashed by the “liquid fire 
maneuver” and the ferrous iron content was deter- 
mined by the ortho 1,10-phenanthroline procedure. 
The resultant red color was compared with a known 
standard solution of ferrous iron and checked by 
fluoroscopic emission studies. The control series of 
iron determinations were performed on organs re- 
moved from five fatal cases of traumatic exsan- 
guination. The control figures shown in the data 
represent the median of the group. The iron con- 
centration was also determined in the major organs 
of three cases of classical hemochromatosis. The 
data in Tables 1 and 2 are given as dry weight in 
gm. per 100 cc. The total iron estimation was de- 
termined as wet weight grams percentile and to- 
taled for the organs, heart, liver, spleen, kidney, 
pancreas, and adrenal for comparison with the cal- 
culation of total transfused iron in the individual 
cases. This latter calculation was based on the 
formula that 250 mg. of iron is present in every 
500 ml. of whole blood. Quantitative determination 
for copper was carried out by fluoroscopic emission 
studies and compared with control runs. 


Case 15 Case16 Case17 Case 18 
6.7 gm. 0.69 gm. 12.5 gm. 


5.4 gm. 


Chemical Data on Malignant Lymphoma Group Iron Content I 


Control Case 18 Case 14 
3.0 gm 


1-2.5 gm. 


2. 


TABLE 


Pancreas 

Infusional 
Visceral iron 
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CLINICAL COMMENTARY 


A brief summary of clinical findings re- 
vealed that all patients, except for three chil- 
dren aged 8, 11, and 12, were over 30 years 
of age. The duration of disease ranged from 
9 months to 11 years, and 12 patients were 
women. Throughout the course of the illness, 
irrespective of the nature of the antecedent 
disease and despite supplementary trans- 
fusional measures, anemia persisted in all 
cases. 

Following Schwartz and Blumenthal’s re- 
port on exogenic hemochromatosis,’ clinical 
attention was focused on the overt mani- 
festations of the induced disease. From a 
study of the cases included in this report 
and those reported previously in the litera- 
ture, it is apparent now that skin pigmenta- 
tion, diabetes mellitus, and liver insufficiency 
as a clinical triad are rarely encountered 
in transfusional siderosis. 

Clinical skin pigmentation was observed 
in only 3 cases out of 12 in the dysgenerative 
group and in none of the malignant lymphom- 
atous states. With biopsy studies cutaneous 
pigmentation was recorded in six cases, with 
the total visceral iron reading being above 
25.0 gm. in all of these cases. These six 
cases represented far-advanced instances of 
iron storage, with the duration of the disease 
being over three and a half years. 

An assessment of liver disturbance from 
the presence of cirrhosis showed that 7 of 
11 cases in the dysgenerative group and 
2 of 15 in the malignant lymphomatous series 
had the markings of progressive liver 
fibrosis. Yet, liver profile studies were with- 
out deviations in all but three instances. In 
two instances diffuse liver necrosis com- 
patible with viral hepatitis was present. From 
this clinical morphological examination it is 
readily apparent that there is a striking in- 
adequacy in current methods of assessing 
liver function in alleged instances of “ex- 
ogenic hemochromatosis,” 
ence of well-established structural alterations 
within the liver. 


even in the pres- 


A clinical assessment of the endocrine 
function in the entire series failed to reveal 
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a single case of diabetes mellitus. The 
adrenals showed early iron deposition com- 
mencing in the zona glomerulosa, but only 
in Case 2 in the aplastic anemia group (in 
which 60 gm. of iron had been infused) was 
the entire adrenal gland atrophic and en- 
crusted with iron. Despite such an intensive 
concentration of iron, at no time was there 
clinical evidence of disturbed adrenal func- 
tion. These findings illustrate two points: 
(1) that the existence of massive amounts 
of iron need not interfere with the functional 
economy of the cell and (2) that the con- 
spicuousness of tissue changes need not re- 
flect dysfunction. 

One of the complications of idiopathic 
hemochromatosis is the autochthonous de- 
velopment of primary carcinoma of the liver. 
No instance of this form of malignant growth 
was associated with these examples of iatro- 
genic siderosis. This discrepancy in the 
incidence of primary liver cancer between 
these two forms of pathologic iron storage 
may rest upon the early and prominent in- 
volvement of liver epithelium in idiopathic 
hemochromatosis in contrast with late epi- 
thelial overload and protective prominence 
of reticular involvement in the transfusional 
sideroses. 

Death was attributable to three principal 
causes: malnutrition, anemia, and a high 
incidence of terminal infections. These in- 
fections were of an uncommon nature in 
comparison with control autopsy series of 
patients who had not received multiple trans- 
fusions. The infectious disease processes 
discovered at autopsy were the following: 
disseminated salivary gland virus disease 
(one), toxoplasmosis (one), disseminated 
torulosis (one), blastomycotic pneumonia 
(two), amebic colitis (two), acute miliary 
tuberculosis (three), and infectious hepatitis 
(four). 

Two cases of hepatolienal amyloidosis in 
the dysgenerative anemia group were also 
observed. A more detailed anaiysis of the 
factors concerned in these latter two patho- 
logic states is offered later in the body of 
this paper. 
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MORPHOLOGIC COMMENTARY 


For purposes of brevity the morphologic 
findings have been condensed, and only the 
characteristic changes observed with increas- 
ing number of transfusions are outlined. 


Liver.—The gross color of the liver was 
related to the amount of iron and the nature 
of the primary disease. As the cases selected 
in both dysgenerative anemia and malignant 
lymphomatous disease varied in the amount 
of iron infused, all degrees of coloration were 
observed. 

Histopathologic examination revealed all 
degrees of stainable iron in the liver. Reticulo- 
endothelial iron concentration represented 
the earliest stage of siderosis, and bluish 
staining of the plasma in Turnbull-blue 
preparations was often coexistent. With in- 
creasing severity, diffuse granular clumping 
of hemosiderin within the reticuloendothelial 
cells was noted, usually in conjunction with 
staining of the parenchymal cells in the outer 
third of the liver lobule (Figs. 1 and 2). 
Aggregates of iron-laden multinucleated 
macrophages in the sinusoids were more 
pronounced in those cases with the greater 
quantities of iron demonstrated by chemical 
analysis (Fig. 5). With advancing degree 
of severity, all zones of the liver lobule were 
laden with parenchymal iron in addition to 
excessive accumulation of extravascular ag- 
gregates of hemosiderin (Figs. 3 and 4). 
Concentration of iron in the liver epithelial 
cells was noted much earlier in the course 
of lymphomatous disease, and yet smaller 
amounts of iron had been transfused. 


With advancing pigmentation of the liver 
there was a concomitant increase of iron in 
the portal triads, pancreas, adrenal, and 
abdominal lymph nodes. The iron aggregates 
within the portal triads were suggestive of 
the migration of iron-laden reticuloendothe- 
lial cells to the peripheral hepatic lymphatics 
(Fig. 6). Regenerative nodules were re- 
markably free of iron pigmentation (Fig. 
10). In the most advanced cases deposits 
of iron pigment were noted in biliary chan- 
nels, and broad bands of scar, in the cirrhotic 
cases (Fig. 6). The developmental theme 


was prominent reticuloendothelial storage 
in concert with iron excess in the liver 
parenchymal cells until all zones of the liver 
lobule were overcharged (Fig. 5). This 
coequal cytological involvement in the late 
phases of the condition was a characteristic 
feature of advanced iron storage in both 
groups of transfusional siderosis. 

The pattern of fibrosis in the nine instances 
of liver fibrosis encountered in the whole 
series showed a monocellular, monolobular, 
and multilobular pattern in contrast to the 
usually regular fibrotic weave of idiopathic 
hemochromatosis. The morphological classi- 
fication of hepatic fibrosis was difficult 
because in certain areas it simulated that of 
postnecrotic type, whereas in other regions 
a pericellular scaffold of fibrous tissue was 
distinctive. There was a tendency for severe 
siderosis to be associated with cirrhosis, but 
some cases of heavy iron storage showed 
little or no fibrosis (e. g., Cases 4, 6, and 
23-27). In both children with Cooley’s 
anemia (Cases 8 and 12) pigmentary cir- 
rhosis was present; yet the iron content was 
less than that recorded in many of the ad- 
vanced cases. In livers with high concentra- 
tions of iron on chemical analysis, much 
of the metal was concentrated in the fibrotic 
scars as well as in reticular elements. There 
was no significant accumulation of fat in 
these cirrhotic livers. 

In Case 2 (Fig. 7) a diffuse necrotizing 
response of the liver was noted similar to 
that described in acute infectious hepatitis. 
The residuals of iron were noted as compact 
masses of reticular cells in the portal triads. 
Little iron was demonstrated in the ghosts 
of liver lobules. Other instances of trans- 
fusional siderosis revealed destruction of the 
reticulin skeleton of the liver lobule with 
attempts at repair leaving a disorderly pat- 
tern in a liver charged with iron (Figs. 8, 
9A, 9B). The polymorphic structural altera- 
tion of liver in three cases (Cases 4, 14, and 
16), as shown by disorderly proliferation 
of fibrous tissue, irregular punched-out zones 
of necrosis, and the accompaniment of in- 
flammatory cells throughout the deranged 
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All sections prepared by Cappell’s method for demonstration of iron by warm potassium fer- 
rocyanide and hydrochloric acid. 

Fig. 1—Iron pigmentation at periphery of liver lobules; reduced 1/4 from mag. X 80. 

Fig. 2—Fused aggregates of von Kupffer cells loaded with iron pigment in outer liver 
lobules and portal stroma with coexistent dusting of liver parenchymal cells; reduced 1/4 
from mag. X 180. 

Fig. 3—Diffuse and intense deposition of iron in liver epithelial cells and massive accumula- 
tions of iron-loaded phagocytes in the portal regions; reduced 1/4 from mag. X 180 

Fig. 4—Coequal involvement of parenchymal and reticuloendothelial cells with iron pig- 
ment. Increase in portal fibrous tissue and lymphocytes; reduced 1/4 from mag. X 240. 

Fig. 5.—Fused reticuloendothelial giant cells in liver sinusoids and intense intracytoplasmic 
accumulation of iron in liver epithelial cells; reduced 1/4 from mag. X 320. 


Fig. 6.—Phagocytes, bile duct epithelium and separated liver cells all laden with iron pig- 
ment; reduced 1/4 from mag. X 320. 
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Fig. 7.—Extensive necrosis of liver cells with haphazard distribution of iron in ghost liver 
and reticuloendothelial cells. Prussian-blue stain; reduced 1/4 from mag. X 180. 

Fig. 8.—Profound disorientation of liver lobule by liver cells loaded with iron and pericellu- 
lar fibrous tissue proliferation. Masson's trichrome and Azogernanine; reduced 1/4 from mag. 
x 180. 

Fig. 9.—4A, different regions of liver showing pleomorphic pattern with stromal iron, bile 
duct, and fibrous tissue proliferation. Reduced 1/4 from mag. X 120. B, massive accumulations 
of iron in von Kupffer cells and sparsity of iron pigment in island of regenerative liver cells. 
Prussian-blue stain; reduced 1/4 from mag. X 180. 

Fig. 10.—Irregular concentrations of intraepithelial iron in liver parenchymal elements, ac- 
cumulation of extracellular iron in disorderly portal regions. Masson's trichrome and azogern- 
anine; reduced 1/4 from mag. X 240. 

Fig. 11.—A, simulation of “cirrhosis” by infiltration of neoplastic reticular elements, periph- 
eral fatty metamorphosis, and irregular accumulations of iron; reduced 1/4 from mag. X 80. 
B, edge of disorientated liver lobule illustrating pleomorphic response. Masson’s trichrome 
and azogernanine. 

Fig. 12.—Variance in degree and site of epithelial iron concentrations within related liver 
lobules. Accumulations of iron in reticuloendothelial elements in the midst of neoplastic lymphom- 
atous tissue. Prussian-blue stain; reduced 4% from mag. x 260. 
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liver lobules, was suggestive of the action 
of some agent independent of the accumula- 
tion of iron. 

In the malignant lymphomatous group 
massive accumulations of neoplastic cells in 
the portal space of liver lobules, often asso- 
ciated with reticulin condensation (Figs. 
114 and 11B), also contributed to the mor- 
phologic disorientation of the liver lobule. 

Spleen, Lymph Nodes, and Marrow.—In 
the spleen the gross characteristics of color, 
weight, and size were influenced as much 
by the nature of the primary disease as by 
iron storage. In general the deposition of iron 
was much less than that seen in the liver, 
with charging of pulp reticular cells in 
slighter degrees of siderosis and in advanced 
states an increment of iron content within 
the littoral cells. In the most advanced cases 
intrasinusoidal accumulations were observed. 
The perifollicular pattern of iron concentra- 
tions was characteristic of the aplastic group 
with the Malpighian corpuscles free of iron 
pigmentation. 

In the malignant lymphomatous states the 
distribution of iron was diffuse and smaller 
in amount. Mesodermal scars were often the 
sites of the greatest accumulations of iron 
pigment. In the malignant lymphomatous 
group the spleen showed a gradual increment 
of iron, with a later reduction suggesting 
an internal redistribution of iron. The in- 
ability of the spleen to handle iron pigment 
probably accounts for the earlier penetration 
of liver epithelial-cell fields in neoplastic 
lymphomatous states in contrast with are- 
generative conditions. In Hodgkin’s disease 
the greatest concentration of the iron was at 
the periphery of the lymphogranulomatous 
foci, with the “suet” regions free of iron. 
There was a trend, indicated by the cases 
labeled chronic lymphocytic leukemia, to 
show a steadier total increase of visceral iron, 
suggesting that cytological pattern or lack 
of remissions influences the accumulation and 
storage of iron within mesodermal com- 
ponents. 

The bronzed lymph nodes in the upper 
mesenteric groups contained the greatest ac- 
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cumulations of iron. In advanced cases of 
siderosis distant lymph nodes such as cervical 
and axillary groups showed considerable 
iron deposition but this was less in amount 
than that in the immediate vicinity of the 
liver. The iron pigment appeared first in the 
metalophilic cells (of Marshall'®) of the 
cortical sinuses and later in the medullary 
portions. The accumulation of iron in the 
abdominal lymph nodes probably represents 
a drainage phenomenon from the periphery 
of the liver lobule via lymphatics to porta 
hepatis lymph nodes. Lymphocytes and blast 
cells were singularly free of iron. 

The marrow, usually vertebral and sternal 
samples, of dysgenerative anemia and malig- 
nant lymphoma showed, surprisingly enough, 
little accumulation of iron. In the cases of 
the longest duration often no iron was 
demonstrated. 

Heart.—In 7 of 12 cases of the aplastic 
anemia group iron was demonstrated as a 
late manifestation ; in only 2 cases was stain- 
able iron demonstrable within the myocar- 
dium in the malignant lymphomatous group. 

Kidney.—In those cases in which the pa- 
tients received amounts of transfusional iron 
in excess of 15 gm., prominent hemosiderin 
granulation was found in the distal con- 
voluted tubules and loops of Henle. The 
nature of the illness had no influence upon 
the late anatomic concentrations. In Cases 
8, 15, and 19 hemoglobin demonstrated in 
the proximal convoluted tubules was sug- 
gestive of a terminal hemolytic phenomenon. 
No intravascular clumps of iron within the 
glomeruli were noted.™ 

Endocrine Glands.—Both exocrine and 
endocrine alterations of the pancreas were 
interpreted together because of their ana- 
tomic association. The acinar involvement 
by iron accumulations was more pronounced 
in the aplastic anemia group than in malig- 
nant lymphoma, but even in the early in- 
stances of visceral siderosis peri-insular 
stainable iron was demonstrated in the cyto- 
plasm of acinar cells. Demonstrable iron was 
also noted, even at this early phase, in both 
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alpha and beta insular cells. With increasing 
involvement of the pancreatic acini corres- 
pondingly greater concentrations of iron were 
revealed in the islets. No concomitant pro- 
liferation of connective tissue was associated 
with the iron overload. 

In early instances of siderosis focal iron 
deposits in the zona glomerulosa of the ad- 
renals were noted; in advanced cases the 
entire cortical stratum was heavily impreg- 
nated with iron. Minimal amounts of iron 
were found in the medulla. 
eration in 


Nodules of regen- 


adrenals showed minimal 


amounts of pigment. 


the 


Of the other endocrine glands, Prussian- 
blue pigment was confined to follicular epi- 
thelium of the thyroid and was never present 
in the eosinophilic colloid material. Concen- 
trations of iron in pituitary, parathyroid, 
ovary, and testes were insignificant. 

Brain and Choroid Plexus.—In well-estab- 
lished siderosis the choroid plexus showed a 


GRAMS % ORY WEIGHT 


BANTU 
SIDEROSIS 


IDIOPATHIC 


DYSGENERATIVE 
HEMOCHROMATOSIS ANEMIA 


SIDEROSIS 


dark-brown coloration, with intense epithelial 
and stromal deposits of Prussian-blue pig- 
ment. No iron was demonstrable in the glial 
elements of the central nervous system. 

Gastrointestinal Tract-—No constant zone 
of iron-staining was noted. In advanced cases 
of transfusional siderosis hemosiderin was 
demonstrated in copious amounts in parietal 
cells, endothelial cells, stroma, and Brunner’s 
glands. 


CHEMICAL COMMENTARY 


!ron.—For purposes of emphasis the chem- 
ical values assayed in other distinctive forms 
of advanced iron storage, e. g., Bantu sidero- 
sis, idiopathic hemochromatosis, and “nutri- 
tional siderosis,” are compared with the 
transfusional sideroses in the histogram 
(Chart 1). “Nutritional siderosis” refers to 
iron overload observed in elderly patients 
who have suffered from chronic anemia and 
who have stored massive amounts of iron 
derived from oral therapeutic measures. 


Comparative Histogram of Maximum Dry Weight (Grams %) 


in 


Pathological Forms of Iron Storage 
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Chart 1.—In the compilation of the chemical results expressed in this bar graph, the figures 
on Bantu siderosis were extrapolated from the calculations presented by Higginson ** and 
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The chemical profiles of dysgenerative 
anemia and idiopathic hemochromatosis are 
comparable in magnitude, except for the in- 
creased amounts of iron in the spleen and 
adrenals in the former condition. It is ap- 
parent, then, that massive doses of iron either 
through repeated infusions or by slow ab- 
sorption across the intestine can create total 
depot stores of equivalent magnitude. 

The large amounts of iron recoverable 
in the spleen of Bantu siderosis were much 
greater than those assessed in infusional 
forms of siderosis and in striking contrast 
to the low values reported in idiopathic 
hemochromatosis. This finding suggests that 
some factor in addition to time and route of 
entrance may determine selective organ con- 
centration of iron." 

The difference in magnitude of the iron 
content within the liver in the siderosis of 
malignant lymphomatous disease and dys- 
generative anemia probably bears a coeval 
relationship to the greater survival time 
and/or number of transfusions consumed in 
the latter group. 

The chemical profile of transfusional sider- 
osis was compared with “nutritional sider- 
osis,” and even in this latter form of iron 
overload the organ distribution was different. 
The disparate organ-to-organ involvement 
in these diverse forms of iron storage is 
probably linked with the enzymic components 
of the tissue as well as the duration of the 
disease. 

From Tables 1 and 2, if the whole series 
is reviewed, only in the liver, adrenals, and 
spleen of both groups of transfusional sider- 
osis was there a general trend for a progres- 
sive accumulation of iron. In Cases 3, 7, 9, 
and 26 there was a heavy iron assessment in 
the liver, but this was true only to a limited 
degree in the pancreas. In Cases 6, 13, 14, 
16, 19, and 21 the total assessment of iron 
was far greater than the total contribution 
of transfusional iron. This finding may be 
related to concomitant oral ingestion of iron. 
The explanation for the differential in Case 
2 (multiple burns), with 18.5 gm. of iron 
transfused and only a total of 2.0 gm. 
assessed, probably rests within the bone mar- 
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row, which throughout life showed utiliza- 
tion activity. These observations emphasize 
the theme that chemical and morphological 
observations complement one another and 
are of equal importance in the separation of 
these forms of induced siderosis from the 
naturally occurring distinctive iron pattern 
found in idiopathic hemochromatosis. 

Copper.—Although the interest in copper 
as an etiologic agent of idiopathic hemo- 
chromatosis has waned, scattered references 
to its possible role are still encountered. To 
further investigate any role remaining to the 
metal copper in the production of iatrogenic 
siderosis, all samples from excessive iron 
storage examples were submitted to emission 
spectroscopic analysis. If fundamental over- 
absorption of copper occurs in coexistence 
with overabsorption of iron, high values, such 
as are encountered in Wilson’s hepatolentic- 
ular disease, might be expected.%* In this 
latter disease copper values between 40.0 
to 156.0 mg. have been recorded. But in 
transfusional siderosis, no matter what the 
magnitude of the iron analysis of the liver, 
the copper value was always within the range 
of normality, e. g., usually less than 2.76 
mg/100 gm. (Chart 2). 


COMMENT 


Pathological storage of iron represents an 
upset in the dynamic equilibrium of iron 
balance. The processes involved in iron bal- 
ance include, among others, rate of hemo- 
globin break-down and release of iron, the 
rate of iron uptake by a functioning marrow, 
the rate of iron absorption from the intestinal 
mucosa, and the rate of formation and de- 
composition of plasma or intracellular pro- 
tein iron. One or all of these factors influence 
the rate of cell penetration and accumula- 
tion.'* In transfusional siderosis a particularly 
complex situation exists. 

In transfusional siderosis as seen in most 
instances of dysgenerative anemia and malig- 
nant lymphoma, the existence of an endo- 
genic hemolytic system was not established. 
The low concentration of iron in the kidneys 
and marrow was probably related to the in- 
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frequency of hemolytic episodes (clinically 
supported by negative Coombs’ antiglobulin 
test, low reticulocytosis, and low bilirubi- 
nemia ). These findings strongly suggest that 
the major increase in tissue iron is probably 
of an exogenic source, except in Cooley’s 
anemia with a short red cell lifespan. 

The progressive derangement of the mar- 
row is attested by the constant recourse to 
and increasing reliance upon blood trans- 
fusions for maintenance of life. That marrow 
utilization of this exogenic iron was insig- 
nificant was indicated by histochemical and 
quantitative analysis. In both fibrotic and 
lymphomatous marrow states extremely low 
concentrations of iron were noted. This func- 
tional inability of marrow to store or utilize 
iron throws an additive burden upon meso- 
dermal and epithelial tissues. 


As there is no regulatory mechanism for 
the elimination of iron, it is easily understood 
why the metabolic cycle of this metal is an 
excellent example of a closed system.’* Any 
elimination of iron depends upon the decidu- 
ous behavior of cells of the intestine, epi- 
dermis, and renal tubules. The histochemical 
demonstration of iron within the intestine 
and skin, noted only in the advanced stages 
of transfusional siderosis, was inconstant in 
site, low in quantity, and probably of little 
significance. In the kidney the low but re- 
markably constant iron values and the lo- 
calized anatomic site, found in early as well 
as late stages of transfusional siderosis, sug- 
gest that clearance of iron probably occurs 
in this form of pathologic iron storage but 
depends upon the exfoliative capabilities of 
renal epithelial cells. 
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From these observations, errors at the 
gates of exit probably have no role in the 
inception and maintenance of iron overload. 
The imperfections, by elimination, appear to 
be at the portals of entrance, in that the 
acceptance of extrinsic iron was far in excess 
of the capabilities of the metabolic cycle. The 
principal gateway for iron in transfusional 
siderosis is the intravenous route, with 
tremendous quantities of blood iron being 
directly introduced into the circulation with 
immediate or delayed effects upon the bodily 
tissues. 

Effects of Iron Storage on the Reticulo- 
endothelial System—(a) Susceptibility to 
Infections : Although a variety of organismal 
and viral infections found in both groups 
of transfusional siderosis may be expected 
as terminal events in debilitated persons with 
protracted disease, the exotic nature of the 
infections suggested a common acquired 
weakness in body defenses. 

In both groups, dysgenerative anemia and 
malignant lymphomatous processes, a com- 
mon feature was the phagocytic activity of 
Aschoff’s system displayed with intensity 
and frequency against the repeated challenges 
of colloidal iron, with the common morpho- 
logical finding being the metallic excess in 
the ubiquitous reticular and endothelial cells. 
This histopathological response is akin to 
that observed in experimental blockade of the 
reticuloendothelial this latter phe- 
nomenon is often employed to study the 
spread of infectious processes.’* From these 
studies of human siderosis there is then some 
inferential evidence that this charging of 
reticular elements with macromolecular iron 
has aided the dissemination of latent or in- 
duced experimental infections of a diverse 
nature. 


cells ; 


It is conceivable that with metallic over- 
load alterations in the enzymatic armament 
occurred, lowering the patients’ resistance 
to intercellular infective agents. But probably 
two other factors also contributed to the 
impairment of bodily defenses: the inade- 
quacy of the bone marrow in the formation 


t References 17 and 18. 
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and delivery of mobile defense elements and, 
in the malignant lymphomatous group, the 
deviation of the mesodermal components into 
neoplastic channels led to an impoverishment 
of immunological responses.§ Such morpho- 
logical and serological manifestations would 
create a generalized deficiency of antibody 
production and profoundly interfere with the 
immunity defense mechanism. 

(b) Amyloid Formation: Current inves- 
tigations of experimental and human amy- 
loidosis have indicated a close integration 
between the activity of the reticuloendothelial 
system and the formation of amyloid.|| Of 
the two cases of amyloidosis associated with 
iron storage, one was associated with Hodg- 
kin’s lymphoma and the other was an in- 
stance of dysgenerative anemia in which the 
patient had received 240 units of whole blood. 
The association of Hodgkin’s lymphoma and 
visceral amyloid is probably unrelated to 
the 35 units of blood and adjuvant globulin 
injections (Case 17), as recent papers have 
recorded the development of amyloidosis in 
Hodgkin’s lymphoma without transfusions.{ 
But in Case 11, with 60 gm. of infused iron, 
speculation does arise as to the effect of re- 
peated infusions of heterochthonous plasma 
globulin. Support for this premise, on experi- 
mental grounds, rests upon the observation 
that repeated injections of globulin have been 
incriminated as provocators of visceral amy- 
loidosis with the distributional pattern of 
the secondary type.** Cappell has reported 
an instance of amyloidosis in aregenerative 
anemia in which 827 transfusions were ad- 
ministered during life.** 

(c) Proliferative Responses: The con- 
tinued activity and prominence of the charged 
reticular and endothelial components after 
hundreds of transfusions attest to the in- 
exhaustible proliferative capabilities of these 
cells to respond to particulate matter stimula- 
tion. Current experimental trends have been 
concerned with the swinging of regenerative 
responses of reticular elements into neoplastic 


§ References 19 and 20. 
|| References 21 and 22. 
{ References 23 and 24. 


proliferative channels. In Cappell’s earlier 
studies, mice receiving repeated injections 
of colloidal iron developed lymphatic leu- 
kemia with visceral lymphomatous masses.”* 
This observation has been confirmed by Nis- 
sim ** and by us with a colloidal suspension 
of saccharated iron. Nissim, Gillman,** and 
Marshall *° regard these leucocyte-histiocyte 
accumulations as frank lymphomatous in- 
filtrates. To date, cellular infiltrates of such 
a mesenchymal nature have not been ob- 
served in human beings suffering from dys- 
generative anemia and receiving multiple 
blood transfusions. 

Factors Concerned in Progressive Liver 
Fibrosis—Clinical fixation upon the singu- 
larly high incidence of cirrhosis in idiopathic 
hemochromatosis has led to the unjustified 
assumption that the development of progres- 
sive liver fibrosis in transfusional siderosis 
is due to the sole factor of iron overload. But 
observations on the limited incidence in this 
series of cases implicate several factors con- 
tributing to the development and progression 
of the cirrhosis : 

1. The sporadic appearance of a necro- 
tizing lesion of the liver, probably of viral 
origin, was followed by collapse and replace- 
ment fibrosis. Clinical diagnosis of infectious 
hepatitis in these patients offered further 
support for a viral genesis of the progressive 
liver fibrosis. 

2. Owing to the anemic anoxia, the liver 
cell, burdened with iron, disintegrated. With 
successive dissolutions of liver cells, connec- 
tive tissue repair, and regeneration, patterns 
of extensive liver fibrosis were created 
(Fig. 12). 

3. The presence of liver infiltrations of 
a neoplastic reticular nature in the malignant 
lymphomatous group favored lobular dis- 
orientation (Fig. 114 and 11B). 

4. The pattern of pigmentary cirrhosis 
encountered in Cooley’s anemia (Cases 8 
and 12) simulated most closely the structural 
alterations associated with idiopathic hemo- 
chromatosis and may be linked with a genetic 
inability to handle iron pigment. 


IRON STORAGE—TRANSFUSIONAL SIDEROSIS 


In these induced forms of human siderosis, 
no single factor appears to be responsible 
for the evolution of progressive liver fibrosis. 

On the Selective Accumulation of Iron in 
the Sideroses.—From certain similarities and 
differences in the distribution of the anatomic 
iron fields transfusional, nutritional 
(Bantu), naturally occurring, and experi- 
mental sideroses, an insight into deranged 
iron metabolism is gained. 

The heavy accumulation of iron in the 
reticuloendothelial cells of the liver and spleen 
in long-continued hemolysis and transfusional 
siderosis is also noted in the exogenic forms 
of siderosis, e. g., Bantu *' and experimental 
ingestive iron storage of rats.'* This common 
pattern of cytological localization in these 
four forms of chronic iron-poisoning indicates 
that excessive amounts of iron, irrespective 
of endogenic or exogenic source, were present 
in the circulation at some time. In contrast, 
the sparseness of iron pigmentation in the 
reticular cells of the spleen, marrow, and liver 
in idiopathic hemochromatosis implies that 
there was no excess of circulating iron but 
rather a steady, controlled absorption of iron 
with primary penetration and retention of 
iron salts at certain epithelial sites. 

As the role of the reticuloendothelial sys- 
tem remains dominant throughout the course 
of the disease in Bantu,** transfusional, and 
experimental sideroses, it is only in advanced 
stages of iron storage that plenary epithelial 
accumulation develops in certain tissue fields 
with an ascendancy over others. That selec- 
tive affinity of tissues for iron exists is in- 
dicated by the progressive accumulation of 
iron in certain epithelial tissues, e. g., peri- 
insular tissue, peripheral liver lobular cells, 
and absence of iron in regenerating cells. 

The heavy accumulation of iron in hepatic 
parenchyma, adrenals, myocardium, and later 
the skin, observable in transfusional siderosis, 
may be due to the concentration of intra- 
venous iron which bypasses or overflows 
the reticuloendothelial cells and eventually 
penetrates other epithelial structures. The 
explanation for sites of preferential localiza- 
tion is obscure. One or several factors may 
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operate. The early and progressive involve- 
ment of the pancreas and insular tissue may 
depend upon its back- 
ground.** The islets of Langerhans and 
pancreatic acini are embryologic outgrowths 
of the duodenal wall and thus may retain the 
specialization qualities of the duodenal mu- 
cosa, namely, the absorption of iron. The 


cytoevolutionary 


early emergence of iron in the zymogenic 
cells at peri-insular sites and within the islets 
was also noted in our experimental studies 
with labeled ferrous ascorbate.# As for the 
kidney, with the renal tubules having an 
embryologic origin similar to that of the 
reticuloendothelial the storage of 
iron in renal epithelial cells may be simply 
a tissue manifestation of phagocytosis (ather- 


system, 


ocytosis ). 
Nissim ** in investigations of cellular 
“rape” by a variety of organic ferric agents 
showed that localized tissue avidity was 
related to the nature of the compound and 
intracellular metabolism. Bothwell,®* in sup- 
port of this premise, demonstrated with radio- 
iron that the major portion of tagged plasma 
is stored in epithelial tissues. Recent studies 
en mobilization of iron in idiopathic hemo- 
chromatosis ** and experimental siderosis # 
indicate that the hemosiderin granules can 
be reconverted to utilizable iron. With this 
functional demonstration of convertibility, 
only the concept of selective tissue penetra- 
tion and tolerance remains. 


An inventory of all of these facts strength- 
ens the postulate that an intrinsic gradient 
of metabolic activities in different tissue fields 
controls cellular absorption and iron storage. 


CONCLUSIONS 

Owing to intrinsic difficulties in experi- 
mentally simulating the full spectrum of 
transfusional siderosis, the development, 
evolution, and tissue destinies of this condi- 
tion in man is of considerable significance 
to pathology. 


# Wyatt, J. P.; Wack, J., and Tucker, E.: 
Transport, Mobilization, and Distribution of Iron 
Under Diverse Experimental Conditions, unpub- 
lished data. 
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The difference in the anatomic and chemi- 
cal patterns between transfusional siderosis 
and idiopathic hemochromatosis may be par- 
tially attributable to the entry route of the 
iron and possibly to the bodily assimilative 
differences between intestine and blood iron. 

The development of “bronzed diabetes” 
is rarely encountered in transfusional forms 
of siderosis, owing to the prominence of 
reticuloendothelial involvement and slower 
epithelial-cell penetration. The relative pau- 
city of clinical signs, even in late phases 
of iatrogenic siderosis, is probably related 
to the remarkable cellular tolerance to the 
presence of iron. The development of genuine 
cirrhosis was much higher in the dysgenera- 
tive anemia group of transfusional siderosis 
than in the malignant lymphomatous group. 
This may be attributable to the greater num- 
ber of transfusions, with a greater potential 
exposure to serum hepatitis, or to the mainte- 
nance over a longer period of time of a state 
of continuing hypoxia due to the constant 
anemia. 


The repeated complication of infectious 
processes, due to viral, fungal, acid-fast, or 
protozoal agents, may result from an inter- 
ference with the immunological defenses, 
either through the futile proliferation of neo- 
plastic reticular elements in the malignant 
lymphomatous group or the universal iron 
overload of the reticular system in both 
forms of transfusional siderosis. 


Differences in intracellular metabolic ac- 
tivities may determine the penetration, prom- 
inence, and persistence of iron in certain 
tissue fields. 
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Il. Exogenic Siderosis in Chronic Anemia Due to Prolonged Oral Iron Medication 


JOHN P. WYATT, M.D., St. Louis 


In earlier studies on iron storage * we 
referred to a case of pigmentary cirrhosis 
(with a total iron content of 22.5 gm.) in an 
85-year-old woman as probably due to a pro- 
longed diet of “tea, toast, and Blaud’s pills.” 
With the repeated histochemical confirma- 
tion * that in cases of transfusional siderosis 
a considerably larger amount of iron was 
present in the body than was attributable to 
repeated blood infusions, the postulate was 
made that intestinal absorption of iron con- 
tinued even though the tissues were stuffed 
with iron. Radioisotopic studies had demon- 


Submitted for publication Aug. 8, 1955. 

Department of Pathology, St. Louis University 
School of Medicine. 

The expenses of this investigation were partially 
defrayed through U.S.P.H. Grant E-777. Dr. H. E. 
Taylor, University of British Columbia, Vancouver, 
B. C., supplied case material from the files of the 
Vancouver General Hospital. Dr. M. D. Orrahood, 
Miss Ann Sullivan, B.S., and Miss Shirley Sauer, 
B.S., of St. Louis University, gave technical help. 

* References 17 and 23. 


strated that this potential mechanism existed 
in patients with anemias of diverse etiology.® 

In studying the natural history of a recent 
series of iatrogenic sideroses, I encountered 
four cases of excessive iron storage in which 
the question of the causative role of prolonged 
oral therapy was raised. Support for this dis- 
tinctive form of exogenic siderosis was gained 
from a review of the literature. 


MATERIAL AND METHODS 


The organs from these four cases of nontrans- 
fused chronic anemia were subjected to a total 
chemical assessment and histological analysis. For 
purposes of brevity, the clinical record is sum- 
marized in Table 1; the morphological analysis, in 
Table 2, and the chemical analysis of the heart, 
liver, pancreas, adrenal, kidney, and marrow is 
recorded in Table 3. 

Histological survey of the heart, liver, lung, 
spleen, widely distributed lymph nodes, marrow, 
kidney, multiple sections of the gastrointestinal 
tract, pancreas, adrenal, ovary, brain, and pituitary 
was carried out with hematoxylin and eosin and 
Cappell’s hot potassium ferrocyanide method for 
histochemical demonstration of iron. All sections 
of liver were subjected to Masson's trichrome stain 
counterstained with Kiton red. 

Chemical estimation of total iron content of the 
heart, liver, spleen, kidney, pancreas, and adrenal 
was determined by a “liquid fire’ ashing of dried 


TaB_e 1.—Clinical Summary of Nutritional Siderosis 


Dura- 
tion Infu- 
of Skin sional 
Case Hb.,Gm./ Disease, Pigmen- Diabetes Liver Iron, 
No. Age Sex 100 Ce. Yr. tation Mellitus Profile Gm. Clinical Comments 

1 7 F 6.0-11.0 8 + Altered 0 Postnecrotie cirrhosis with 
ascites; oral iron ++++ 
for 8 yr. 

2 77 M 10.0-12.5 6 0 Altered 0 Secondary amyloidosis, 
oceult prostatic cancer; 
death due to mesenteric 
thrombosis: oral iron 
+++-+ for 6 yr. 

3 81 F 7.0- 9.2 2% 0 Altered 53 Refractory macrocytic 
anemia; oral iron +++ 
for 2% yr. 

4 81 F 6.0- 9.4 ll a Not exam- 0 “Pernicious anemia” for 

ined years; oral iron ++++ 
for ll yr. 
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biologic material, with the ferrous residue being 
developed by 1, 10-orthophenanthroline and the re- 
sultant red color compared with known standards. 
Control material was drawn from five cases of 
sudden death in young males and five examples of 
idiopathic hemochromatosis. 


CLINICAL PATHOLOGICAL COMMENT 


These four cases (Tables 1, 2, and 3) had 
histories of heavy ingestion of oral iron, evi- 
dence of functional or structural imperfec- 
tions of bone marrow, and a chemical profile, 
drawn from the organ distribution of iron, 
akin to that observed in idiopathic hemo- 
chromatosis. Although a parallel relationship 
exists between these two iron storage states 
on an organ-to-organ comparison, the total 
quantity of iron recorded in exogenic sider- 
osis due to prolonged oral iron therapy was 
one-third the total quantity assessed in classi- 
cal hemochromatosis. The examination of the 
marrow revealed a hypercellular structure 
with prominent erythroblastic colonies. In 
our cases there was no overburdening of the 
erythropoietic tissue of the marrow with 
hemosiderin granules; in fact, there was 
a sparseness of stainable iron. The hyper- 
cellular marrow in these four instances is 
probably related to the chronic anemia and 
malnutrition, not to the parenchymal in- 
volvement of the liver. Fundic atrophy of the 
stomach, such as is found in characteristic 
cases of megaloblastic anemia, Addisonian 
type, was not present. There was extensive 
siderosis of the intestine. Morphologic re- 
capitulation of iron storage and its companion 
findings showed dominant epithelial accumu- 
lations in the liver and pancreas. Scanty iron 
storage was detected in reticuloendothelial 
components. As to the degree of fibrosis in 
these two organs, little sclerosis was observed 
in the pancreas; but in the liver Cases 1, 3, 
and 4 showed fibrosis, with a Laennec’s pat- 
tern present in Case 1 and a postnecrotic 
form present in Cases 3 and 4. Except for the 
porta hepatis lymph nodes, little iron was 
observed in cervical, lower abdominal, and 
inguinal node representatives. Support for the 
existence of this distinctive form of iron stor- 
age is gained from a study of the literature. 
Such a review is incorporated in Tables 4 
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TaBLe 4.—Clinical Summary of Reported Cases of Ingestive Siderosis 


A. 


Skin 


Pig- 
ment 


Liver 
Profile 
Altered 


Diabetes 


Oral Therapy Anemia 


Iron for 6 yr. 


Diet 


No comment 


Age 


Author 


microcy tic 
Refractory 
erythro- 


Hypochromic 
blastic 


Not done 


2 Blaud’s pills 


“Tea and toast 


p. d. for 18 yr. 


for 18 yr.” 


No devia- 


500 gm. over Congenital 


“Fairly ade- 


73 


Wallerstein and Robbins 


hemolytic tions 


12 yr. 


in 


quate... 


boarding 


house” 


Altered 


Altered 


Hypochromic 
microcy tic 

Hereditary 
hypochromic 


3 Blaud’s pills 
p. d. for 20 yr. 

Oral iron ad- 
ministered 


No comment 
No comment 


3 3 

3 
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IRON STORAGE—EXOGENIC SIDEROSIS 


TasBLe 5.—Chemical and Morphological Summary of Reported Cases of Ingestive Siderosis 


Transfu- 
sional Total 
Iron, Iron Assay, Ironin Tron in 
Author Gn. Gm. Heart Liver Pancreas Marrow 
2.75 7, liver only Parenchymal +++ Fe, +++ - 
cirrhosis ++ Fe 
Wyatt and others **................. 0 22.5, liver only + Parenchymal +++ Fe, +++ 0 
cirrhosis ++ Fe 
Wallerstein and Robbins #?.......... 1.0 15.6, liver and Von Kupffer +++ Fe, ++ + 
spleen parenchymal ++ Fe, 
cirrhosis ++ Fe 
Case report 38512, New England J. 
cirrhosis ++ Fe 
Goldfish and Aufderheide’.......... 1.75 Not done + Parenchymal +++ Fe, +++ 444+ 
cirrhosis ++ Fe 


and 5 and indicates a similar biologic back- 
ground of development, with the terminal 
impress of disease being remarkably alike in 
both groups of cases. 


COMMENT 


The precise mechanism of iron absorption 
across the intestinal tract has been demon- 
strated by means of radioactive iron and his- 
tochemical methods,+ with the compound 
ferritin being the pivotal key in the mucosal 
control panel. With physiological saturation 
of the mucosal cells with ferritin, further 
absorption of iron in normal states is pre- 
vented. Upon demand, the iron is released 
from mucosa! ferritin, bound and transported 
as B,-plasma globulin (“siderophilin”), and, 
on reaching sites such as liver, spleen, and 
marrow, is reconverted in some way into fer- 
ritin and stored. 


Under abnormal conditions the mucosal 
barrier may be vilified, as in acute ferrous 
sulfate poisoning,”® low protein-acid diets,” 
insufficiency of phosphate salts,® or ingra- 
vescent states of anemia,”* but the basic mech- 
anism(s) responsible for the penetration of 
the gastrointestinal barrier in these conditions 
has not been uncovered. Granick * has pointed 
out that heightened iron absorption may be 
due to a diminution of oxygenation of mu- 
cosal cells or lessened oxygen tension in- 
fluencing iron absorption. Copp’s studies 
of milk anemia in rats* with labeled iron 
and our own studies on infectious murine 


+ References 4 and 6. 


anemia ¢ indicated that the whole intestine 
may absorb iron, instead of a limited zone 
under normai conditions. The reactivation of 
whole-intestine absorption under conditions 
of iron demand may represent a primitive 
measure of preservation on the part of the 
organism. The continuing role of the gastro- 
intestinal tract in iron-absorption overload is 
emphasized by the constant demonstration of 
massive amounts of iron within the duodenum 
of the Bantu native.§ A similar gastrointesti- 
nal iron pattern was noted in albino rats on 
a low-protein high-iron salt diet **; this ex- 
perimental maneuver simulates the back- 
ground and evolution of Bantu siderosis. In 
exogenic siderosis, probably due to prolonged 
oral iron therapy, considerable amounts of 
Prussian-blie pigment have been demon- 
strated in many segments of the intestine. 
From this, it is suggestive that the role of the 
gastrointestinal tract in this form of patho- 
logic iron storage cannot be overlooked. 

The stimulus for the continued absorption 
of iron is probably the unremitting chronic 
anemia, with the prominence of epithelial 
storage of iron being related to intrinsic dif- 


‘ferences in intracellular metabolism. 


Exogenic ingestive siderosis has been most 
frequently encountered in our series in elderly 
anemic women, usually over the age of 60. 


t Wyatt, J. P.; Wack, J.. and Tucker, E.: 
Transport, Mobilization, and Distribution of Iron 
Under Diverse Experimental Conditions, unpub- 
lished data. 

§ References 10 and 11. 
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From our experience they have been long- 
time inhabitants of boardinghouses or old 
folks’ homes, subsisting over a period of years 
on a marginal diet. The concomitant marginal 
diet ingested by these patients may be an 
additive factor enhancing iron storage. Owing 
to the original obscure nature of the disease, 
only weight loss and poor intake of food was 
noted in these patients, and a clinical search 
for detailed nutritional deficiencies was over- 
looked. Jandl has shown that patients on 
inadequate or borderline diets developed 
nutritional deficiencies more rapidly in the 
presence of accelerated red cell turnover 
(anemia ) 

The relationship between this disease and 
idiopathic hemochromatosis opens up several 
pathways of interest. Classical hemochroma- 
tosis is generally held to be due to the slow, 
steady absorption of iron across the intestinal 
border beginning in early life, with the re- 
sultant storage of massive amounts of iron at 
certain epithelial sites and with clinical mani- 
festations of bronzed diabetes becoming ap- 
parent in the fourth decade. In contrast, the 
limited degree of iron storage in this form 
of iatrogenic siderosis suggests that the ac- 
cumulation of iron commenced in the last 
decade or two of life, if the mucosal absorp- 
tion of iron was at the same functional rate 
that exists in idiopathic hemochromatosis. 

Since prominence of epithelial-cell concen- 
tration with hemosiderin is encountered in 
idiopathic hemochromatosis and exogenic 
siderosis due to prolonged oral iron therapy, 
it is possible that many instances of classical 
hemochromatosis reported in the female may 
represent examples of the latter disease. 
Dubach,* Granick,’ and others have indicated 
that classical hemochromatosis is almost ex- 


clusively a metabolic disease of the male, in_ 


that the afflicted male stores iron over the 
years without regular blood-letting episodes 
which the female possesses in menstrual 
flow. It is interesting that the majority of 
cases of exogenic iron storage were found in 
postmenopausal women. 

There is a variant of idiopathic hemo- 
chromatosis, however, which is frequently 
overlooked, often mislabeled, or confused 
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with exogenic ingestive siderosis. Although 
Sheldon ** in his extensive review does not 
record the association of idiopathic hemo- 
chromatosis with chronic refractory or hemo- 
lytic anemia, approximately 40 such cases 
have been reported, beginning with Roth’s ** 
description in 1915. Bothwell,’ along similar 
lines, with radioisotopic studies has indicated 
that those cases with more iron within the 
liver than could possibly be derived from 
infused iron represent, in reality, instances of 
idiopathic hemochromatosis with hypercellu- 
lar marrow and unsuspected episodes of 
hemolysis. But the difficulty in separating 
forms of pathologic iron storage is reflected 
by a brief scrutiny of two recent reports. 
Kleckner and co-workers *° in reviewing idio- 
pathic hemochromatosis recorded an instance 
of an elderly woman with “a diagnosis of 
pernicious anemia of twenty-five years’ dura- 
tion. Various hematonics had been employed 
at irregular intervals during that time.” Is 
this an instance of iatrogenic siderosis in 
refractory anemia or, what must be indeed 
exceedingly rare, genuine idiopathic hemo- 
chromatosis in the female with coexistent 
refractory anemia? The same questions are 
raised as to the nature of the nine cases of 
megaloblastic anemia associated with idio- 
pathic hemochromatosis reported by Koszew- 
ski.*® These are probably not all true instances 
of that primary cytogenetic disease, idiopathic 
hemochromatosis, but are due to dietary de- 
ficiencies and chronic alcoholism * and may 
represent examples of ingestive siderosis due 
to prolonged iron therapy associated with 
impaired nutrition. 


SUMMARY 


A distinctive form of iron storage (sider- 
osis) has been delineated. “Nutritional sider- 
osis” (exogenic ingestive siderosis), probably 
a true iatrogenic disease, was encountered 
in elderly persons subsisting on marginal 
diets and oral iron, the latter usually taken 
in a clandestine or uncurbed therapeutic 
fashion. Epithelial cell penetration by iron (to 
a much smaller degree than is encountered 
in idiopathic hemochromatosis), an erythro- 
blastic hypercellular marrow, or, rarely, a 


IRON 


normoblastic marrow stuffed with iron and 
an intact gastric mucosa were other salient 
features of this pathologic condition. 

This form of iron storage is compared with 
other distinctive types. 
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Amylase Digestion 


F. WARREN LOVELL, M.D., Seattle 
GEORGE F. STEVENSON, M.D. 

and 

WILLIAM B. WARTMAN, M.D., Chicago 


There has been considerable recent inter- 
est in the histochemical reactions of the thy- 
roid colloid. McManus * found that colloid 
stained positively by the periodic acid-Schiff 
reagent technique. Since then other workers 
have shown further histochemical evidence 
that there is a protein-carbohydrate complex 
material present in colloid in addition to 
thyroglobulin.* Several investigators at- 
tempted to alter the staining reactions of 
colloid by digestion with either saliva or 
diastase, with no apparent effects.— The 
purpose of this paper is to demonstrate that 


incubation of thyroid sections in diastase 
will result in removal of colloid from the 
follicles. 


MATERIAL 


Human thyroid tissue was obtained from surgical 
and autopsy specimens. The selection consisted of 
normal thyroid, as well as a variety of thyroid ab- 
normalities, including adenoma, papillary carcinoma, 
diffuse hyperplastic goiter, nodular goiter, and 
struma lymphomatosa. In addition, thyroid tissue 
from a Dutch rabbit was also used. 


METHODS 


All tissues were fixed in neutral formalin except 
one block of normal thyroid which was fixed in 
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absolute alcohol. Commercially prepared amylases 
were used. Animal diastase,t amylopsin (2 « pan- 
creatin N. F.),f a-amylase,t B-amylase,t malt 
diastase,t diastase,§ and human saliva were em- 
ployed in the digestion procedure. Initial studies 
were completed in 1951, and the studies were re- 
peated in 1953 with new batches of enzymes. 

These enzymes were prepared as 1% and 2% 
solutions in neutral phosphate buffer. One series of 
sections was processed with use of distilled water, 
as suggested by Pearse,® instead of the buffer solu- 
tion. The sections cut from paraffin blocks were 
taken through xylene and the alcohols to water in 
the usual manner. They were immersed in or 
covered with the enzyme solutions for from one to 
four hours at 37 C. There was considerable diffi- 
culty in keeping the sections on the slides. The most 
satisfactory method of overcoming this problem was 
to pipet the enzyme solution onto the slide and after 
digestion to collodionize the section before staining. 
Another fairly satisfactory method was to cut frozen 
sections of formalin-fixed tissue (25« was the most 
satisfactory thickness) and to transfer them into 
the enzyme solution on a glass rod. Sections col- 
lodionized prior to digestion stayed on the slides 
but were not completely digested. Control sections 
were treated identically except that buffer solution 
or distilled water replaced the enzyme solutions. 
Sections were stained by the hematoxylin and eosin 
and/or periodic acid-Schiff techniques. 

In evaluation of the extent of digestion 500 
follicles were counted and evaluated in each section. 
All sections were divided arbitrarily into nine ap- 
proximately equal squares. In the central square 
and in the four peripheral squares 100 consecutive 
intact follicles were counted, and the presence or 
complete absence of colloid was recorded. 


RESULTS 


The results of the semiquantitative evalu- 
ation of digestion by the various enzyme so- 
lutions are shown in the accompanying Table. 

Tissue sections that were digested in B- 
amylase showed no appreciable alteration in 
staining or loss of colloid. This was also 


t Nutritional Biochemical Co. 
§ The Coleman & Bell Company, Inc. 


AMYLASE DIGESTION—THYROID COLLOID 


true for the sections incubated in saliva. No 
statistical difference from the results in con- 
trol sections is evident. 


Sections that were incubated in the other 
amylase preparations showed almost com- 
plete loss of colloid regardless of the morpho- 
logic appearance of the tissue. For the 5y 
thick sections one hour digestion with a 1% 
enzyme solution was sufficient to remove 
the colloid completely. In thicker sections a 
few follicles still contained colloid after di- 
gestion for one hour, but after two hours’ 
digestion no colloid remained. In a section 
of embryonal adenoma which had no follicu- 
lar structure but contained numerous colloid- 


Effect of Enzyme Digestion on Colloid of Five 
Hundred Follicles 


Mean Per- 
centage 
of Standard 

Follicles Error 
Cases, with No of 

Type of Digestion No. Colloid Mean 
14 
2.2 
21 
Amylopsin 6.1 
Animal diastase 2.9 
Malt diastase d 9.6 
75 


like intracytoplasmic granules these granules 
were not stainable after digestion. The con- 
trol sections placed in either the neutral 
buffer solution or distilled water at 37 C for 
an equal length of time showed no changes. 
The statistical difference from the control 
sections is striking. 


COMMENT 


The commercial amylase enzymes are 
known to have several activities. Their amy- 
lolytic activity is primarily due to a-amylase, 
which attacks a-1,4-glucoside linkages in a 
random manner. The f-amylase fraction, 
which is present only in the amylase from 
plant sources, acts on these linkages in spe- 
cific locations and does not cause the com- 
plete degradation of amylopectin.’ Lillie 
states that in addition to its amylolytic activi- 
ty malt diastase possesses a ribonuclease-like 
action and also an action that destroys the 


metachromatic basophilia of the nucleus pul- 
posa of cartilage matrix. This raises the 
question as to whether or not the digestion 
of the colloid is by the a-amylase fraction 
or by one of these other activities. There 
is also the possibility that the enzymatic 
action is dependent on an impurity.’ The 
failure of saliva to digest colloid whereas 
amylase does is evidence that the action may 
be due to an activity other than an amylolyt- 
ic effect. Pearse * suggests that the use of 
diastase in distilled water rather than in a 
buffer or saline solution may have a tendency 
to decrease the possibility that the tissue 
changes are produced by the other enzymes 
present. Results obtained by this method 
were the same as when the neutral buffer 
solution was used. Fisher’s ® failure to ob- 
tain any alteration of thyroid colloid by dia- 
stase digestion may also suggest the problem 
of enzyme impurity. It is noteworthy, how- 
ever, that the present work was repeated in . 
a different center with use of new batches 
of enzyme but without difference in results. 
The nature of the polysaccharide-protein 
complex in the thyroid colloid is uncertain. 
Dempsey * believes that the thyroid contains 
a nucleoprotein and a mucopolysaccharide. 
Gersh * gives evidence that colloid contains 
a polysaccharide complex that might be 
hyaluronic acid. Hooghwinkel, Smits, and 
Kroon * state that in addition to the thyro- 
globulin the colloid contains small amounts 
of an iodine-free nucleoprotein, which pos- 
sibly originates from disintegrated follicle 
cells, and a mucinous substance. They give 
evidence, based on paper electrophoresis, that 
the mucopolysaccharide component and the 
thyroglobulin are bound together. It can be 
hypothesized that the amylase acts upon some 
linkage in this complex and thus leads to 
dissolution of the colloid in sections. 


SUMMARY 


Sections of thyroid with a variety of mor- 
phologic structures were subjected to diges- 
tion by amylase enzymes. Saliva and B- 
amylase had no effect, but a-amylase and the 
other commercial diastase preparations caused 
almost complete dissolution of the colloid. 
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Cy topathologic Effects of Cobalt 
on P. ancreatic IsLts of Many Species 


Islands of Langerhans and Cobaltous Chloride 
JOHN H. FODDEN, M.D., Vermillion, S. D. 


The only morphologic expression of a 
secretory potential for the endocrine-pan- 
creatic alpha cell is a granularity of its 
cytoplasm. Yet good reasons exist for its 
acceptance as the source of a hyperglycemic 
glycogenolytic substance, glucagon.* Selec- 
tive chemical ablation of the cell has been 
attempted so that the metabolic errors conse- 
quent upon a secretion loss might be 
analyzed.t The morphologic effects of one 
compound have been described as injury 
and destruction of the alpha cell and com- 
pared favorably with those of alloxan upon 
the beta cell. By these same comparisons 
other chemicals have proved either indis- 
criminately necrotizing to the islet tissue or 
effectual to an insignificant degree.t 

The subcutaneous injection of a sufficient 
amount of cobaltous chloride was believed to 
be noxious to the pancreatic alpha cells of 
the guinea pig.®° Cytoplasmic and nuclear 
changes of degeneration were defined. Simi- 
lar selective abnormalities within the islet 
tissue of the rabbit pancreas were described 
by Goldner and his colleagues § to follow 
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an intravenous injection of the cobalt salt. 
Severe and ubiquitous alpha-cell destruction 
was portrayed; the beta cells were normal. 
The anticipated hypoglycemia did not ensue, 
despite the apparent loss of cells secreting 
antagonistically to the general action of 
insulin. Comparable phenomena in the islet 
cells of the dog were reproduced by the 
same means.|| Perplexity increased with the 
persistence, in this species also, of a blood- 
glucose homeostasis, notwithstanding such 
profuse and extensive cell damage. These 
authors’ emphatic denials of the alpha cell 
as the origin of pancreatic glucagon were 
the consequence of these observations. 

Numerous other experimental circum- 
stances and conclusions made the finality of 
this expression seem untenable,/ and dif- 
ferent interpretations were equally fittmg to 
the recounted facts. The cobalt injury was 
reexamined with these in mind; uppermost 
were the classic difficulties intrinsic to the 
assessment of islet abundance and pathol- 
ogy.# Its peculiarities were sought in the 
islet tissues of many species. The possibility 
was also considered that some of the cytologic 
means employed might also suggest its 
mechanism. 

METHODS 


1. Preparation and Differential Staining —The 
islet tissues of the following species were examined 
after cobaltous chloride administration: Rhesus 
monkey, dog, cat, rabbit, guinea pig, rat, and a 
teleost fish, Opsanus tau. The chemical was dis- 


|| References 9 and 13. 


{ References 8, 14, and 15, and Fodden, J. H.: 
The Attempted Labeling of Pancreatic Islet and 
Gastrointestinal Epithelium with Cobalt®, unpub- 
lished data. 


# References 16 and 17. 
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Taste 1.—Procedures Preparatory to Differential Staining and Examination of Islet Tissues for 
Alpha-Cell Damage * 


Repeat Doses of CoCle ’ 


Weight Original 
Range, Dose of Interval, Doses, Amt., Interval of 
Species Kg. No. Sex CoCls Hr. No. Mg./Kg. Route Oo Action, Hr. 
Monkey 34 10 M F 30 mg./kg. 4 1 30 i.v.i. 4, 6, 8, 12, 24 
Dog 10-20 4 M F 200 mg. ee on oe i.v.i. 1, 2, 8, 4, St 
9 M 250 mg. oe ee ee i.v.i. 12, 24, 48, 108 
6 M 15 mg./kg. 2 1 12 i.v.i. 4, 5,6 
Cat 2.5-4 10 M F 25 mg./kg. on 2,4, 5 
6 M F 15 mg./kg 2 2 15 ivi. 6, 8, 12 
Rabbit 3-4.5 20 M F 35 mg./kg. es oe ee i.v.i. 4, 8, 12, 18, 24, 
48, 72 
10 M F 35 mg./kg 6 1 35 i.v.i. 12, 24, 48 
Rat 0.2-0.4 6 M 50 mg./kg “ 1 30 s.c.i. 24, 48 
ll M 30 mg./kg. pe | 4 20 8.c.\, 72, 96, 120 
10 M <5 mg./kg. ws iv.i. <0.2 (L.D. 100) 
5 M 10 mg./kg. 10 Lp.i. 72, 96, 120 
Guinea pig 0.5-1 6 M F 30 mg./kg. on se oe i.v.i. 2,6 
4 M F 20 mg./ke. 6 1 20 ivi. 8 
8 M 65 mg./kg. we 12, 
20 M F 65 mg./kg. 4 4 65 s.c.l. 48, 72, 96, 120 
Toadfish 0.3-0.5 36 M F 30 mg./ke. | 2 30 48, 72 


* When previous reports of cobalt toxicity were not available for some species, the maximum dose tolerated (approx. 
L.D.as) was established and used. 
+t Repeated biopsies. 


solved in isotonic saline as a 5% and a 1% solution. 
The dosage, modes of administration, and activity- 
time ranges were as listed in Table 1. Some pro- 
cedures used upon the dog by the previous workers ® 
were included ; one hour after the chemical injection 
and every hour thereafter on four occasions, large 
biopsy specimens were removed from the head, 
body, and tail of the dog pancreas. Intravenous 
pentobarbital was used as the anesthetic. 
The‘extirpated mammalian tissues were processed 
as follows: Some small fragments were quenched 
in liquid Ne, dried, and paraffin-infiltrated by the 
Altmann-Gersh technique. The majority of these 


sections were alcohol-denatured * prior to staining ; 
the remainder from the dog, rabbit, and guinea pig 
tissues were reserved for cobalt localization at- 
tempts. Other large portions and the principal 
islands of the toadfish were fixed in Bouin’s fluid, 
then dehydrated by the orthodox alcohol process. 
Island “space” artifacts during section mounting 
were avoided as much as possible by Davis’s 1° 
recommended procedure. The numerous sections 
from these specimens were stained by the chrome 
hematoxylin and phloxine technique.?° 


* References 18 and 19. 


Tasie 2.—Results of the Alkaline-Phosphatase Procedures upon the Islet Tissues of Normal and 
Alloxan- and Cobalt-Prepared Animals 


Islet-Tissue Phorphatase* 


Ineubation 
Species Cells Normal Cobalt Alloxan Alloxan-Cobalt Time, Hr. 
a None 
Do a N+ C+ N+ C+ N+ C+ N+ C+ : 
. B N+ C+ N+ C+ None None 
a N+ c+ N+ 
a N+ (Poor) N+ (Poor) N+ (Poor) N+ (Poor) 
aenaians P N+ (Poor) N+ (Poor) None None = 
Rat a N+ C+ N+ C+ N+ 0+ N+ C+ 5 
B N+ N+ None None 
negative negative 
negative negative 
r ot (Poor) ot (Poor) C+ (Poor) 0+ (Poor) 
+ (Poor + (Poor + (Poor + (Poor 
Toadish B N+ N+ N+ (Poor) N+ (Poor) ° 
C+ (Poor) C+ (Poor) to none to none 


* N, nuclear staining; C, cytoplasm staining. 
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2. Alkaline Phosphatase—The remainder of 
mammalian tissue samples was fixed in ice-cold 
acetone in preparation for alkaline-phosphatase 
staining procedures.} Inadequate fragments from the 
small animals were frequently supplemented by 
more numerous and regional portions from addi- 
tional animals identically prepared with CoCle. The 
islet bodies from many toadfish were similarly pre- 
pared. 


Animals with established beta-cell responsiveness 
to alloxan were made diabetic ** (Table 2). Some 
provided the control tissues for an examination, 
by the phosphatase techniques, of a range from 
early to late phases of islet damage. Of the re- 
mainder, 10 dogs, 16 rabbits, and 20 rats were 
selected at stages when dissolution of the majority 
of beta cells could be anticipated, subsequent veri- 
fication by the differential staining process being 
mandatory. They were given the same quantities of 
CoCle as the normal animals. Pancreases from the 
rabbits and pancreatic biopsies from the dogs were 
removed at 12, 18, 24, and 48-hour intervals; rats 
were killed after 2, 3, and 5 days of repeated injec- 
tions. Every pancreas or biopsy specimen was di- 
vided into control fragments for differential stain- 
ing and for staining by the phosphatase methods. 
The recommended pH optimum for each histo- 
chemical process was carefully maintained; ade- 
quate staining controls were used.t The inhibitors 
M/100 KCN and M/4 aminoacetic acid affirmed the 
enzymic quality. Any chance confusion of the 
Gomori?+ method by some of the administered 
cobalt escaping the ready leaching effects of the 
processing media was simply excluded by compari- 
son with unincubated sections. 

3. Cobalt Localization—(a) Pancreatic Per- 
fusion and CoS in Sections: Two 10 kg. dogs were 
anesthetized four hours and eight hours, respec- 
tively, after an intravenous injection of 200 mg. of 
CoCle. Each pancreas was surgically isolated and 
perfused gently with a phosphate buffer solution, 
followed by a 10% solution of ammonium sulfide in 
isotonic saline. The organ quickly assumed a pale 
gray color. The procedure was repeated with two 
rabbits and two guinea pigs. The former had re- 
ceived large single doses of CoCle from four to eight 
hours prior to pancreatic perfusion ; the latter, daily 
injections from two to five days. Unstained sections 
were examined from all regions of the pancreases. 

The reserve sections from the previous freeze- 
dried preparations were dewaxed quickly in toluene 
and immersed in 50 cc. of absolute alcohol with 
which 1 cc. of a 20% ammonium sulfide solution 
had been mixed. They were subsequently passed 
quickly through alcohol absolute and xylene. A light 


+ References 21 through 23. 
t References 21 and 25. 


orange-G staining of some of them assisted islet 
identification. 

(b) Autoradiography: Four male guinea pigs, 
each weighing approximately 500 gm., were given 
daily amounts of 65 mg. per kilogram of cobaltous 
chloride, to which 100 wc per kilogram of Co®, as 
chloride, had been added. At times between 72 and 
96 hours, each pancreas was removed and fractions 
were dropped immediately into liquid Ne. Sections 
from the freeze-dried tissues were processed as fol- 
lows: Some were mounted from warm mercury 76 
upon nuclear track plates (NTB, NTBsz), dewaxed, 
exposed, and processed and, finally, stained by the 
methods of Diserens and Hall,27 and Simmel and 
others.28 Other sections were tamp-mounted upon 
a warm plate, dewaxed in toluene, and placed for 
several hours in a vapor chamber through which 
ethyl alcohol vapor and HeS were passed; isotope 
leaching by the denaturing agent and aqueous stains 
was thereby diminished. The sections were lac- 
quered after staining, covered with stripping film 
(NTB, e5), exposed, and processed.§ Fluid-fixed 
and differentially stained sections verified the preva- 
lence and cytology of the islets. 


RESULTS 

A. Islet Differential Staining —Monkey : 
The Rhesus monkey tolerated large and re- 
peated doses of the compound. Shallow 
respiration and occasionally its temporary 
suspension were the only immediate un- 
toward effects. Prostration, continued rapid 
shallow breathing, and rhonci were signs of 
serious toxicity. Tracheotomy was a prophy- 
lactic measure against the later laryngeal 
accumulation of frothy and viscid mucus. 
Cytologic changes were inconspicuous; 
alpha-cell degranulation occurred in a small 
number of islands within the interval of 
four to eight hours. These cells were normal 
16 hours later, despite the additional dosage 
and precarious survival of some animals. 


Dog: The abnormalities after one hour 
were principally a sporadic selection of few 
islands for alpha-cell degranulation and 
cloudy swelling, and they involved only a 
minor fraction of the total alpha cells in each 
gland. Degranulation was more widespread 
after four hours; the number of affected 
islands and their proportion of injured cells 
was greater. The latter occasionally formed 
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many islets replete with granular alpha cells 
(Fig. 1). 

Longer intervals between injection and 
autopsy resulted only in more emphatic 
degranulation of the alpha cells in the se- 
lected islands, with attainment of its maxi- 
mum in approximately 36 to 48 hours. The 
proportion of cells, or “syncytia” with nuclear 
damage was not increased. Cytoplasmic 
granularity reappeared abundantly after 
longer intervals, for example, 108 hours 
(Fig. 2). No facts supported a contempla- 
tion of alpha-cell regeneration during this 
extended time interval; recovery and re- 


Fig. 1.—Islet in the dog pancreas four hours after 
intravenous CoCle. Alpha cells, replete with gran- 
ules, are bunched mainly in its center; several 
others show as small groups. The beta cells were 
purposely understained for photographic contrast; 
x 540. 


a syncytium of amorphous eosinuphilic proto- 
plasm in which infrequent nuclear karyor- 
rhexis was seen. Hydropic degeneration was 
rare. Beta-cell granular density appeared 
reduced in every section. All suitable por- 
tions of the same tissue specimen possessed 


Fig. 2.—One of many similar islets of the canine 
pancreas with a full complement of normal granular 
alpha cells (darkly stained group). Intravenous 
cobaltous chloride had been given repeatedly for 108 
hours; 540. 


Fig. 3.—Pancreatic islet of the rabbit 18 hours 
after intravenous CoCle. The dark and somewhat 
attenuated granular cells, prominent around a blood- 
filled capillary, are normal alpha cells; x 580. 


granulation of previously degenerate and 
agranular cells seemed the most logical con- 
clusion. 


Cat: There were no abnormalities in the 
islet tissues of the cat. 

Rabbit: Insignificant abnormalities of the 
alpha cells appeared after six hours; none 
involved the largest number of islands. 
Sparsely granular alpha cells seemed “com- 
pressed” against the capsule of the gland by 
swollen, poorly staining beta cells; there 
were normal alpha cells in most of the same 
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islands (Fig. 3). Granule depletion and 
cloudy swelling were accentuated after 18 
hours but were not ubiquitous phenomena 
either within the islets involved or the tis- 
sues sectioned. An occasional islet contained 
a few large cells or a small amorphous mass 
of phloxine-rich cytoplasm, devoid of nuclei 
or recognizable nuclear fragments, a change 
previously interpreted as a  coagulative 
necrosis.* So inconstant was this feature, 
unlike the necrotic syncytium of alloxan 
destruction, that it was now considered, re- 
servedly, to be an artifact. 


The evidence of cell trauma was not 
greatly augmented by longer time intervals, 
e.g., 24, 48, and 72 hours. Degranulation 
was neither increased nor more extensive. 
The sporadic presence of nuclear fragmenta- 
tion and meager hydropic change in degranu- 
lated cells were the only additional, but 
numerically insignificant, features. 


Rat (Sprague-Dawley): The rat was very 
responsive to the toxic effects of cobalt. The 
intravenous route was lethal; trials were 
abandoned when rapid death of all animals 
occurred with doses smaller than 5 mg/kg. 
A rapidly ensuing collapse frequently per- 
sisted for several hours after the subcutane- 
ous injections. An initial quantity of 30 
mg/kg., with daily repeat doses of 20 mg/kg., 
afforded the best chances of the animal living 
five or six days, with, simultaneously, the 
maximum opportunity of sustaining islet-cell 
damage. Larger doses were unpredictable; 
sudden or unexpected death of many animals 
followed their use. The intraperitoneal 
method was shock-provoking, but compara- 
tively large and frequent doses could be 
given this way. In all instances the resultant 
islet pathology was the same; a moderate 
reduction in density of alpha-cell granularity 
was the only alteration from normal islet- 
staining. It was inconsistent with periods of 
survival or the total quantity of cobalt. No 
claim of alpha-cell injury in this species was 
justifiab'e from this slender, and only, evi- 
dence (Fig. 4). 

Guinea Pig: The guinea pig was the first 
species in which alpha-cell abnormalities 
consequent upon cobalt were described.® 
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Repetition of the subcutaneous amounts used 
by Van Campenhout and Cornelis proved 
extremely toxic. Many animals died and 
were discarded. Nevertheless, those surviv- 
ing provided the supreme example of retro- 
gressive cell changes of appreciable clarity. 
Massive degranulation of the alpha cells 
began after 48 hours; prior to this time 
similar patterns of granule depletion could 
be found in the normal guinea pig. Impres- 
sive numbers of cells were involved in many 
islands. In some cells the process was com- 
plete, a nucleus only remaining prominent 
in an unstained poorly delineated cytoplasm. 


Fig. 4.—Pancreatic islet of an alloxan-diabetic 
rat. Cobaltous chloride had been given repeatedly 
for 120 hours. The shrunken beta cells occupy the 
island center, whereas luxuriant alpha cells around 
the periphery of the gland appear more prominent 
than in normal islands; x 400. 


Partial degranulation of others left thin 
sectors of pink cytoplasm close to the cell 
nucleus. Hydropic and cloudy swelling of 
the alpha cells were prominent additional 
features after 72 hours, and degranulation 
was more in evidence (Fig. 5). A normal 
nucleus was usually central in many of the 
damaged cells. No other species exhibited 
the water-clear swollen cells to any remotely 
comparable degree. This pathology, empha- 
sized by the Belgian authors, contrasts 
strongly with that originally described for 
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Fig. 5.—The consistent and remarkable hydropic 
and cloudy swelling of the guinea pig alpha cells. 
Nuclear karyorrhexis is also apparent in some of 
them. Three daily injections of cobaltous chloride 
had been given; x 460. 


the dog.|| Despite such profound indications 
of cell abnormality, islands were apparent 


|| References 9 and 13. 


Fig. 6.—Normal islet of the guinea pig after 120 
hours of repeated injections of CoCle. Other islets 
in the same pancreas showed alpha-cell pathology 
similar to that in the previous Figure. These were 
in the minority, and recovery of most islets could be 
inferred; x 460. 
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in which none of these phenomena were 
seen. They were often of smaller average 
diameter and could easily be missed in initial 
section reviews. 

Degranulated alpha cells persisted at 96 
hours, contrasting with the beta cells as 
pale cloudy structures. The proportion of 
swollen hydropic cells was smaller; ec- 
centrically placed cell nuclei were now 
obvious in some. Nuclear pyknosis and kary- 
orrhexis were infrequently and poorly dem- 
onstrated; extrusion of the nucleus and 
“bare” nuclei were not seen. Each retrogres- 
sive change was still obvious at 120 hours. 


Fig. 7—Island of Langerhans of the cat; pre- 
pared by the Gomori alkaline-phosphatase tech- 
nique. This species exemplifies the phosphatase con- 
tent of the islet cells and the selectivity and clarity 
of its demonstration by this method; x 400. 


Extensive regranulation of the alpha cells 
was, however, very conspicuous; islands 
with their full complement were plentiful in 
all tissue sections from every pancreas at 
this phase of cobalt activity (Fig. 6). There 
was no comparable glandular damage in 
guinea pigs receiving cobalt intravenously. 
Toxicity of the compound by this route and 
the loss of many animals militated against 
study of longer time intervals. 

Opsanus Tau: Staining the principal islets 
by the Gomori method produced results of 
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Fig. 8.—Alloxan-damaged islet in the dog pan- 
creas. Alloxan diabetes had been established 72 
hours before CoCle was repeatedly given intra- 
venously. A total interval of 36 hours was allowed 
for its activity. Cytoplasmic debris and vague nuclei 
of beta cells lie among capillary vessels in the lower 
portion of the collapsing island. Normal, intensely 
stained alpha cells crowd the apical area. Alkaline- 

phosphatase technique; x 600. 


much beauty and clarity.. The smaller or 
microscopic islet bodies exemplified the 
clearest separation between the alpha- and 
beta-cell groups. Cytology of every principal 
islet was normal, despite repeated amounts 
of CoCly large enough to evince clinical signs 
of toxicity, e. g., sluggishness and imbalance 
of motion or unresponsiveness to stimuli. 

B. Phosphatase in Alloxan and Cobalt 
Islets —Table 2 shows the results of alkaline- 
phosphatase staining of islet epithelium by 
two procedures. The integrity of the alpha 
cells, especially their nuclei, following co- 
baltous chloride is contrasted with the 
ubiquitous dissolution of the beta cells fol- 
lowing alloxan (Figs. 8 and 9). The rec- 
ognition and distinction of the two cell 


{ Morphologic descriptions of principal islet 
bodies of Teleostei have not been found which in- 
cluded the use of this modern differential staining 
method. Neither in accounts of trials with the stain 
itself have principal islet reactions been found in- 
cluded. 


PANCREATIC 


ISLETS 


groups can be fairly and logically claimed 
from the evidence of the differentially stained 
tissue. 

A clear phosphatase demonstration of beta- 
cell destruction occurred early in the final 
hyperglycemic phase. The presence of the 
enzyme was independent of secretory-granule 
adequacy; hypogranular beta cells of the 
earliest stages of chemical injury .demon- 
strated its abundance. The lapse of 36 to 48 
hours from a successful alloxan injection 
of the dog and the rabbit was most satisfac- 
tory; an interval of 24 hours was adequate 
for the rat. Many islands of the dog pancreas 
were small and difficult to recognize after 
much longer times; nevertheless, as alpha 
cells were the ones identifiable, the same 
purpose was satisfied. Although collapsing 
islets in the dog seemed the rule, even at 
the very early junctures, many of large 
diameter remained in which a pale-brown 
detritus and empty spaces manifest a de- 
ficiency of beta cells. Occasionally, a pallid 
response of cells obscure in outline super- 
seded the ubiquitous dark-staining of normal 
islands. 


Fig. 9.—Pancreatic islet of the rat. Alloxan had 
been given 24 hours prior to repeated injections of 
CoCl. for 72 hours. Beta cells are replaced by 
detritus ; alpha cells are perfectly normal. Alkaline- 
phosphatase technique; x 360. 
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The cells which remained prominent in 
the majority of islands, with crisply stained 
black nuclei, were unquestionably alpha 
cells, morphologically distinguishable from 
the attenuated and smaller endothelial units. 
They were disposed singly or in_ thick 
clusters adjacent to a penetrating vessel; in 
the rat, to the periphery of the glands. In 
every species in which alkaline phosphatase 
was demonstrated in the islet epithelium, 
no discernible changes in these staining re- 
sponses of the alpha cells had been created 
by the prior administration of cobaltous 
chloride. 


C. Cobalt Localization—1. Pancreas Per- 
fusion: Microscopic particulate sulfide was 
present in very small quantity in the dog 
and rabbit pancreas within the interacinar 
stroma and upon the intima of some of the 
larger blood vessels. None was apparent 
inside the acinar or island tissue cells. The 
deposit was much denser in the guinea pig 
pancreas; it was abundant in the organ 
interstitium and within the acinar cells as 
a fine granular deposit. The stroma and 
vessels of the islands, when these latter could 
be identified, were similarly impregnated ; 
intracellular deposition was doubtful, but 
detail was obscured by the stromal density. 

2. Sulfide Transformation in Tissue Sec- 
tions: Results with this method were similar 
to those following arterial profusion; how- 
ever, the deposit was barely perceptible even 
in the guinea pig sections. An interacinar 
and intercellular stromal pattern only was 
defined; no intracellular pigment was dis- 
cerned. 

3. Autoradiography: These procedures 
confirmed a prominent stromal deposition 
of the isotope. It was, unfortunately, not 
possible to be more decisive; whether its 
situation was intracapillary or intercellular 
and interfibrillary remained undetermined. 
However, the isotope was recognized among 
the finest glandular interstitium, including 
that of the identifiable islands of Langerhans. 
Intracellular localization was more difficult 
to appreciate ; the reduced emulsion granules 
were sparse and appeared confined to the 
72 
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acinar elements. Their presence was not 
observed within any of the islet cells. How- 
ever, a denial of any cobalt content of these 
latter could not be advanced ; one conclusion 
equally possible was that the fine deposition 
within this endocrine tissue, and regarded 
as stromal, actually represented a peripheral 
cytoplasmic or membrane concentration. 


COM MENT 


The results of these studies are not in 
accordance with the descriptions in the sev- 
eral reports of Goldner, Lazarus, and Volk. 
Rapidity of the cell destructive reaction was 
a prominent feature in these accounts. Within 
an hour of the injection, only an occasional 
pancreatic islet of the dog contained intact 
alpha cells. They had disappeared from most 
islands or had been converted into amorphous 
eosinophilic material ; hyperchromatic, irreg- 
ular, and pyknotic nuclei characterized the 
surviving units. Thus, the resemblance to 
alloxan destruction appears impressive. The 
changes were accentuated after four hours, 
and only occasional alpha cells were dis- 
covered after diligent searching. Islet shrink- 
age coincided with this cell-component loss. 

In contrast, the histopathology presently 
described was unremarkable. Islet epithelium 
of the dog and the rabbit was injured, yet 
numerous islands were wholly intact and 
no morphologic or tinctorial deviations dis- 
tinguished their alpha cells from those of 
normal control animals. There was no 
justification to regard as abnormal other 
islands, some of large size, in which alpha 
cells were sparse or even unrecognized, a 
phenomenon commonplace to observations 
upon normal glands. Neither could small 
islands of a few compact beta cells be con- 
sidered valid evidence of alpha-cell disap- 
pearance and subsequent islet collapse. Ap- 
preciably greater islet dimensions and, hence, 
increments in the numbers and types of cells 
are often uncovered by technical efforts to 
locate the same glands in serial sections. A 
failure to verify the diffuse and severe 
character of aberrances in the rabbit pancreas 
has previously been briefly reported.* In most 
islands there were many alpha cells without 


morphologic signs of damage; the major 
changes in those altered were cytoplasmic 
degranulation, cloudy swelling, and, rarely, 
nuclear pyknosis. Debris believed accountable 
by the death and disintegration of islet 
epithelium was nowhere apparent. Despite 
extended administration and larger amounts 
of the compound, the magnitude and quality 
of the alpha-cell injury or degeneration were 
inadequate to arouse a belief that metabolic 
derangement in either species should ensue. 

Secretory-cell granularity is notoriously 
misleading as an indicator of cellular pathol- 
ogy; its evidence is subject to diverse 
interpretations. Gradations of alpha-cell 
granularity are expected in normal islet 
tissues, with a range from cells replete with 
fine granules to those in which it is difficult 
to discern a few. This now familiar normal 
variation was first prominent in Bensley’s 
descriptions of the guinea pig alpha cells. 
The original account *® of the cobalt injury 
to the alpha cells of this species, up to the 
fifth or sixth day of daily administration, 
was primarily concerned with granule loss 
or paucity. Cloudy swelling and hydrops of 
the cytoplasm were less frequent occurrences 
that distinguished abnormal from intact 
cells; cell nuclei were described as normal. 
Although these changes are undeniably 
pathologic, confirmed and remarkably ex- 
emplified in this present series, they are not 
indicative of cell death or irreversible cell 
trauma. Neither is there sufficient or un- 
equivocal recorded evidence to uphold their 
incrimination in total failure of noble-cell 
function. 

Any attempt at a simple estimation of islet 
disappearance following alloxan and cobalt 
* is embraced by Macleod’s 
pronouncement upon such misdirected ef- 
forts."* 


combinations 


Comparison of the numbers of islets under dif- 
ferent conditions showed that there is great varia- 
bility, not only in the pancreases of different ani- 
mals, but also in different portions of the pancreas 
of the same one, although these portions might be 
closely adjacent. It is scarcely necessary to point 
out the futility of attempting to form an 
estimate of the effect of physiological or patho- 
logical conditions on the numbers of islets by count- 
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ing those seen in similar areas in a few sections of 
the gland. 

The macroscopic principal islet tissue of 
many teleosts and the easy identification of 
its cell structure are completely recorded.# 
There can be little doubt that its beta-cell 
component, rich in insulin, is homologous 
with the mammalian counterpart “*; the 
comparative simplicity of accomplishing beta- 
cell injury by alloxan is common to the two 
varieties of islet tissues.*° The plentiful alpha 
cells may have respective identity ; successful 
glucagon extraction from the islet bodies 
supports the assumption. In the particular 
species chosen, there was no morphologic 
evidence of any relationship between cobalt 
and the alpha cell injurious to the latter. 

Some confusion exists over the possession 
of alkaline phosphatase by the islet cells; 
furthermore, comprehensive accounts of tis- 
sue responses to its unmasking procedure 
occasionally omit their mention. Deane ** 
denies them a phosphomonoesterase for alka- 
line substrates, yet credits their rich content 
at substrate neutrality. Gomori’s ** claim that 
phosphatase is absent from the islands in 
every species but the dog and rat relies on 
the incubation time of one and one-half hours. 
Prolonged incubation has proved reliable in 
identical histochemical studies of numerous 
tissues,* and, in comparison, this interval 
seems much too brief. It would scarcely be 
identified with that also mentioned by 
Gomori as an individual tissue maximum 
beyond which no further staining results. 
The largest and most adequately controlled 
evidence favors an abundance of alkaline 
phosphatase, nuclear and cytoplasmic, in 
the islet epithelium and clarifies species dif- 
ferences as in part proportional to the 
incubation period of the reaction.+ 

The exposition of intracellular phosphatase 
was a useful adjunct to the orthodox dif- 
ferential staining. Examination of islet vas- 
cularity by its means had suggested its 
adoption ; the islet cells of the dog, cat, and 
the rat were consistently and precisely de- 
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* References 25, 38, and 39. 
+ References 25, 36, and 37. 
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fined. Intact cell nuclei especially were 
clearly demonstrated; nuclei destroyed by 
alloxan were unrecognizable. It was believed 
therefore that objections ** to some of the 
cytochemical principles of this regimen were 
irrelevant to its particular present purpose. 

It is fortuitous that extension of observa- 
tions upon the normal to the death and 
disappearance of beta cells is uncomplicated 
by the cellular reactions of inflammation. 
The phosphatase-rich granular leucocytes 
and proliferative fibroblasts have no part in 
the unique nature of the alloxan process. The 
persistence of darkly stained cells in the islets 
of the alloxan-diabetic rat and their periph- 
eral arrangement among the nonstaining, 
indistinct debris of beta-cell destruction fa- 
vored their identity as alpha cells. This was 
also suggested from Gomori’s observation 
that when the islet-staining of a normal rat 
is sometimes inconclusive the phosphatase- 
positive cells are distributed as “a peripheral 
zone, corresponding to the usual site of 
alpha cells in this species.” 

Summation of the facts revealed by these 
reliable and elementary technical methods 
produces a simple conclusion. Insignificantly 
few alpha cells suffer a chemical insult from 
cobaltous chloride; of those which do, again 
too few offer adequate evidence for claims 
of its irreparable severity. The original 
problem of blood-glucose homeostasis thus 
dissolves. The conclusion refutes the state- 
ment of Goldner and his associates that “A 
simple chemical method for the destruction 
of the alpha cell is now available.” It helps 
to explain the paradoxical results and con- 
fusion of other workers *° whose analyses 
began with this mistaken premise. 


SUMMARY 


Cobaltous chloride administered to many 
animal species fails to produce pancreatic 
alpha-cell necrobiosis of any significance. 
Ubiquitous dissolution of these cells has 
previously been claimed as a consequence 
of this compound’s intra vitam activity, the 
eventuating damage being favorably com- 
pared with the selective beta-cell destruction 
by alloxan. Results clearly indicate that 
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adequate numbers of alpha cells maintain 
their morphologic integrity despite continued 
and severely toxic doses of the salt. Of the 
cells injured, cytologic aberrances are mainly 
of the reparable kind and, moreover, are not 
necessarily indicative of complete functional 
failure. The use of radioactive cobaltous 
chloride and other chemical measures offers 
no evidence of a preferential deposition of 
the cobalt ion about or within the cells of 
the islet tissues. 


Dr. Eugene Cronin, Director of the Chesapeake 
Biological Laboratories, Solomons, Md., provided 
facilities and other assistance in the study. Mrs. 
Evelyn Buckmeier, M. T., A. S. C. P., and Mr. 
John T. Barstow, B.Sc., helped, respectively, with 
tissue and section preparations and the photo- 
micrography. 
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IV. Digestion of Caseous Tubercles by a Proteinase Extracted from Polymorphonuclear Leucocytes 


JOSEPH TABACHNICK, Ph.D. 
and 
CHARLES WEISS, Ph.D., M.D., Philadelphia 


Although Hiibschmann,' Pagel,? Wells and 
Long,* Opie,* and Rich * have discussed the 
possible role of leucocytic enzymes in the 
softening of tubercles, this subject has never 
been experimentally investigated. In the past 
the obstacles to in vitro studies have been 
(a) the difficulty in obtaining large quanti- 
ties of different varieties of leucocytes from 
which sufficient enzyme could be extracted ; 
(b) the absence of a suitable method for 
isolating in purified form enough enzyme to 
work with, and (c) the lack of satisfactory 
techniques for identifying and measuring 
accurately the activity of very small amounts 
of hydrolytic enzymes (proteinases and 
nucleases) which were extracted from leu- 
cocytes. 

The literature on this subject has been 
reviewed critically by Weiss, Kaplan, and 
Larson.’ These workers obtained a cell-free 
aqueous extract from rabbit polymorphonu- 
clear (PMN) leucocytes which hydrolyzed 
denatured hemoglobin optimally at about 
pH 3. Many of the previous investigators 
who employed glycerin, saline, or aqueous 
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suspensions of leucocytes, without mention 
of proper controls, were undoubtedly study- 
ing a combination of proteolysis and nucleol- 
ysis. Moreover, they assayed very weak 
enzyme preparations by means of the non- 
specific formol or alcohol titrations and used 
long incubation periods, up to 24 hours. It is 
difficult, therefore, to interpret the data in the 
earlier literature. 

In the third of this series of papers on the 
mechanism of softening of tubercles,* we pre- 
sented indirect evidence to support the 
hypothesis that softening of tubercles in the 
rabbit’s lung is not accomplished by proteo- 
lytic enzymes liberated from tubercle bacilli. 
In view of the high rate of proteolysis 
observed in the inflammatory zones sur- 
rounding caseous tubercles, we suggested 
that it is the proteinases released from leuco- 
cytes in the inflammatory zones which are 
primarily concerned in the process of soften- 
ing. In the present communication we shall 
present an experimental approach toward a 
solution of this problem. Our first steps were 
to develop a method for the production 
of large amounts of polymorphonuclear 
(PMN) exudate in normal and tuberculous 
rabbits and to extract and purify a very active 
proteinase from these leucocytes. The results 
obtained by digesting caseous tubercles with 
this newly isolated proteinase are compared 
with the hydrolytic effects of crystalline pep- 
sin and trypsin. A critical discussion of the 
spectrophotometric (280 my) method for 
following proteolysis is presented. 


METHODS 

A. Preparation of Polymorphonuclear Ex- 
udates—After many preliminary failures 
we developed the following method for the 
production of large volumes of sterile poly- 
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morphonuclear exudates in rabbits, which is 
based upon the work of Lucké and co- 
workers.” 


A 3000 gm. albino rabbit was securely tied on a 
Latapie board in the supine position. The abdomen 
was clipped and shaved, and the foot of the board 
was elevated so that the head pointed toward the 
floor. This maneuver throws the intestines down- 
ward toward the diaphragm, thus removing them 
from danger of being punctured by the injecting 
needle. The skin was washed with a 1 : 2000 aqueous 
benzalkonium (Zephiran) solution. With the aid 
of a 250 ml. arsphenamine burette, rubber tubing, a 
clamp, and a No. 15 needle, 300 to 500 ml. of warm 
(38 C), sterile 0.9% saline was injected intra- 
abdeminally into each of four such animals at about 
three o'clock in the afternoon. Aseptic precautions 
were employed at each step of the procedure. The 
amount of saline used varied with the size of the 
animal, the volume being sufficient to produce 
maximal intra-abdominal pressure and distention 
of the abdomen. At about 10 a. m. the next day a 
similar amount of saline, now containing 300 mg. 
of sodium polyanhydromannuronic acid sulfate 
(Wyeth’s Paritol M+) per 500 ml., was again in- 
jected. Care was taken to introduce the needle on 
the right side of the abdomen in the midclavicular 
line, midway between the costal margin and the 
pelvis. The sodium polyanhydromannuronic acid 
sulfate served to prevent the formation of fibrin 
clots in the exudates. 

Two or three hours later, the exudate was re- 
moved from the abdominal cavity in the following 
manner: The shaft of a No. 13 needle was pre- 
viously perforated at different levels with four or 
five holes, each about 2 mm. in diameter, and the 
bevel was cut off and ground to a sharp circular 
edge. This needle, attached to a 20 or 25 ml. syringe, 
was introduced into the distended abdominal wall 
near the midline above the level of the urinary 
bladder in the midclavicular line. Because of the 
increased intra-abdominal pressure, no suction was 
usually necessary. As soon as 2 or 3 ml. of the 
exudate had entered the barrel of the syringe, it 
was removed, and the exudate was allowed to flow 
directly from the needle into sterile 250 ml. centri- 
fuge bottles previously coated with silicone.1° 


Gentle manual massage of the abdominal wall, 
change in position of the animal (upside down, 
lateral, etc.), and various manual maneuvers aided 
in obtaining large amounts of exudate. Often up 
to 450 ml. was collected from a single rabbit. The 
exudates were immediately filtered through several 
layers of sterile gauze. If small clumps formed later, 


+Dr. Joseph Seifter,” Director of the Wyeth 
Institute of Applied Biochemistry, supplied generous 
amounts of this material. 


these were not discarded, since large numbers of 
enmeshed leucocytes would have been lost in this 
way. 


Examination with Wright's stain disclosed from 
90% to 95% young PMN cells. With the aid of 
supravital stain many of these cells showed ameboid 
motion. Animals were used over again, but only 
after a rest period of two or more weeks, in order 
to avoid excessive stress on the bone marrow or 
its exhaustion, as suggested by Ponder and 
Macleod.!! 

B. Extraction of a Leucocytic Proteinase 


The exudates were immediately centrifuged at 
2000 rpm, and the sedimented packed cells were 
washed three or four times with 0.9% NaCl. As a 
rule, each rabbit yielded approximately 3 gm. wet 
weight of cells, which consisted of PMN leucocytes 
with a small amount of fibrin. This slimy material 
was stored at —20 C in a Deepfreeze refrigerator 
or lyophilized. 

In order to extract proteinase, the sedi- 
ments were homogenized by means of an 
all-glass Potter homogenizer at 4 C, and sev- 
eral methods for disrupting the cells were 
tried, as listed below. 


1. The cells were treated with 1% sodium 
desoxycholate in 0.1 M bicarbonate buffer at 
pH 7.1. This gave a slimy viscous solu- 
tion, probably high in deoxyribonucleic acid 
(DNA) and hence difficult to handle. 

2. The cells were treated by repeated 
freezing and thawing at —60 C with the aid 
of a bath containing methylcellosolve and 
dry ice. The resuits were variable and unsat- 
isfactory. 

3. The cells were disrupted by being 
allowed to remain in distilled water for 18 
hours at 4 C. The yield of enzyme was 
inadequate. 

4. Finally, the method which gave the best 
results and was adopted as routine was to 
grind the cells with finely powdered quartz 
glass. This procedure yielded consistently 
a cellular debris practically free from whole 
cells. The technique employed routinely was 
as follows: 

Four grams wet weight of packed PMN cells 
was mixed with about 1 gm. of finely powdered 
quartz glass and 3 ml. of deionized water and was 
homogenized at 4 C, more water being added at 


intervals with grinding, until a total volume of 25 
ml. was reached. The suspension of cellular debris 
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was transferred to a 30 ml. Cellonoid cup and kept 
at 4 C for 18 hours. The material was then centri- 
fuged at 18,000 g for 30 minutes in a refrigerated 
centrifuge. To the clear supernatant fluid at 4 C 
(pH about 6.2) was added ammonium sulfate in 
increasing concentration. The major portion of the 
proteolytic activity was found to be in the fraction 
which was precipitated at 50% to 80% saturation. 
This fraction was kept at 4 C for 30 to 60 minutes 
and then centrifuged at 15,000 g for 10 minutes. The 
clear supernatant was decanted, and the protein 
precipitate was dissolved in about 4 ml. of de- 
ionized water. This straw-colored solution was 
dialyzed free of ammonium sulfate against 0.9% 
sodium chloride at 4 C. There was little loss of 
activity due to dialysis. The cellular debris was 
again extracted with 15 ml. of water, and the 
additional enzyme obtained was taken up in 2 ml. 
of deionized water. The extracts were pooled, and 
no further purification was attempted. The dialyzed 
solutions contained proteolytic activity equivalent 
to at least 107 per milliliter of crystalline trypsin. 
The yield from one rabbit averaged the equivalent 
of 607 of crystalline trypsin. 


C. Determination of Proteolysis.—Before 
testing the digestibility of caseous tubercu- 
lous tissue by leucocytic proteinase, it was 
necessary first to assay the proteolytic capac- 
ity of the enzyme preparations. The method 
employed is based upon the work of Anson 
as cited by Northrop, Kunitz, and Herriott.”* 
Both urea-denatured hemoglobin and puri- 
fied casein were used as substrates. As 
standards for comparison we prepared solu- 
tions of crystalline trypsin and pepsin, 5y to 


50y per milligram. The details are as follows: 

To 10x75 mm. test tubes was added 0.5 ml. of 
2% urea-denatured hemoglobin (without buffer) ; 
0.3 ml. of the desired buffer (0.2 M acetate buffer 
for pH 2 to 6 or 0.1 M sodium bicarbonate for pH 
7 to 8) and 0.1 or 0.2 ml. of enzyme solution. The 
enzyme solutions were incubated at various time 
intervals up to two hours at 37 C, and the reac- 
tions were stopped by the addition of 2 ml. of 1N 
perchloric acid or 5% trichloroacetic acid (TCA). 
The tubes were allowed to stand for 30 minutes to 
1 hour before centrifuging. In the zero-time tube 
the enzyme was added after the TCA or perchloric 
acid. 


Perhaps because perchlorate is a less effi- 
cient protein precipitant, the perchloric 
extracts gave about 10% higher 280 mp 
readings than the 5% TCA extracts, but all 
results were consistent. The increase in 
protein-split products was measured by fol- 
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lowing the increase in optical density at 
280 my of the acid-soluble fractions. The 
increase in total amino acids liberated was 
also followed by testing aliquots by means of 
the copper method of Spies.** Protein 
loss was determined by the micro-Kjeldahl 
method. 

When following the enzymatic digestion of 
tubercles and when testing tissue extracts for 
autolytic activity, we found that the calcula- 
tion of 280/260 ratios was of great value in 
determining whether nuclease activity was 
interfering with the proteolytic readings. 
A ratio of 1 or less meant that considerable 
nuclease activity was present in spite of the 
increase in the 280 my readings. This was 
especially true when saline solution was used 
to extract the enzyme. Since it is difficult to 
separate tissue nucleases from cellular cathep- 
sins,‘* it will be of interest to determine 
whether our extracts contained any nuclease 
activity. 

D. Characterization of PMN Proteinase 

Later in this work, the leucocytic proteinase was 
tested for its ability to hydrolyze various synthetic 
peptides in order to classify it according to the 
scheme of Bergmann.'5 The extent of hydrolysis was 
followed by means of the specific amino acid test of 


Troll and Cannan '!* as modified by Cocking and 
Yemm.!7 


E. Production of Tubercles in Rabbits 


As in previous studies from this laboratory, 
discrete tubercles were produced in female albino 
rabbits with the aid of the Wells apparatus for 
quantitative air-borne infection, employing a viru- 
lent bovine Ravenel culture of Myobacterium tuber- 
culosis. The animals were killed six to seven weeks 
after infection by exsanguination under ether anes- 
thesia. The lungs were preserved in a Deepfreeze 
apparatus at —20 C, and the discrete tubercles were 
excised just prior to experimentation. PMN cells 
were obtained from tuberculous rabbits no earlier 
than 12 weeks and as late as 4 months after infec- 
tion. The tubercles which were used as substrate in 
enzymologic studies were first washed 24 to 48 hours 
at 4 C in repeated changes of distilled water in an 
attempt to remove acid-soluble material and nucle- 
ases and thus lower the “blank” readings. The 
tubercles were then dried at 37 C and finally cut 
into 1 to 2 mm. pieces for use. 


RESULTS 


A. Optimum pH for PMN Proteinase 
Activity —The curves shown in Figure 1 are 
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Fig. 1—Curves showing pH optimum for hy- 
drolysis of urea-denatured hemoglobin by leucocytic 
proteinase; O, enzymatic activity of normal rabbit 
proteinase, determined by increase in optical density 


of acid-soluble fraction at 280 m#; @, same, deter- 
mined by liberation of amino acids (calculated as 
alanine ; method of Spies) ; 4, enzymatic activity of 
tuberculous rabbit proteinase, 280 m# method; 4, 
same, Spies method. 


the increases in optical density at 280 mp of 
the acid-soluble fractions obtained by digest- 
ing, at varying pH, urea-denatured hemo- 
globin with PMN proteinase from either 
normal or tuberculous rabbits. The optimum 
for proteolysis in each instance is between 


Fig. 2.—Absorption spectra of acid-soluble frac- 
tions obtained by digesting purified protein sub- 
strates; A, trypsin acting on hemoglobin; 4, trypsin 
acting on casein; «x, PMN proteinase acting on 
hemoglobin; ©, pepsin acting on hemoglobin. 
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pH 3.6 and 4.0. The results were similar to 
those with the Spies** copper method for 
following proteolysis. Leucocytic proteinase 
obtained from human { leucocytes, “buffy 
coat” (not shown in Fig. 1), gave an opti- 
mum at about pH 5. 

In Figure 2 is presented a comparison of 
the absorption spectra of acid-soluble frac- 
tions obtained by digesting purified protein 
substrates by means of crystalline enzymes, 
pepsin or trypsin (Worthington Biochemical 
Sales Co., Freehold, N. J.), with those 
obtained by digesting with partially purified 
PMN proteinase. The peaks at 280 mp are 
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Fig. 3.—Curves showing the 260 ms# peak for the 
acid-soluble fraction from autolyzing tuberculous 
caseous tissue and the shift to 265 m# when trypsin 
acts on this material; O, trypsin acting on tubercles 
(48 hr.); @, trypsin acting on hemoglobin; x, 
autolyzed tubercle (“control”); all at pH 7.9. 
characteristic for the release of aromatic 


amino acids from a protein substrate. 

B. Digestion of Caseous Tubercles by 
PMN Proteinase -——When washed tubercles 
(the “controls”) were allowed to undergo 
autolysis at pH 3.0 and 7.9, the acid-soluble 
fraction gave absorption curves with peaks 
at 260 mp (Fig. 3). When trypsin (Fig. 3) 
or pepsin acted on such tubercles, the peaks 


¢ Dr. Benjamin E. Sanders, of Sharpe & Dohme 
Laboratories, Philadelphia, donated this material. 
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TABLE 1.—Comparison of 280/260 mu Readings as Index to Type of Hydrolysis 


280 2380 

Substrate Substrate 

Proteinase (Purified Protein) 260 (Caseous Tubercles) 260 

Trypsin (crystalline).................. 1.80 0.97 

Hemoglobin............... 1.45 0.95 

2.06 Autolysis pH 7.9........... 0.58 

Pepsin Hemoglobin............... 1.46 0.77 

Autolysis pH 3.0........... 0.00 

PMN (normal rabbits)................ 1.76 Bac 0.36 

Autolysis pH 4.6........... 0.27 

PMN (tuberculous rabbits)........... Hemoglobin............... 1.74 0.37 
Hemoglobin............... 


of these curves shifted to about 265 mp. At 
no time was a peak observed at 280 mp 
(Fig. 2), which is characteristic of aromatic 
amino acids liberated in a system of purified 
protein substrate and enzyme. It is con- 
cluded, therefore, that we did not succeed in 
leaching out all the nucleic aids or the 
nucleases from the tubercles. Hence, with 
caseous tubercles as substrate and either 
crystalline enzyme or PMN proteinase, the 
readings at 280 my represent the combined 
activities of both proteinase and nuclease. It 
was not necessary to run absorption curves 
on every acid-soluble sample, since the ratio 
of the 280/260 readings indicates the type of 
hydrolysis. 

In Table 1 are presented the ratios of 
280/260 my readings. It wiil be seen that 
when hemoglobin is hydrolyzed by trypsin 
or pepsin the ratios run from 1.4 to 1.8. In 
the case of the hydrolysis of casein by trypsin, 
the ratio is 2.5. When leucocytic proteinase, 
derived from either normal or tuberculous 
animals, digests hemoglobin, the ratios are 


Autolysis pH 4.6........... 0.27 


1.45 to 1.78. When, however, caseous tuber- 
cles are the substrate, the ratios with pepsin 
and trypsin range from 0.77 to 0.97. When 
PMN proteinase is the source of enzyme, 
the ratios are even lower, 0.36 to 0.37. These 
low ratios suggest the presence of nuclease 
in the proteinase preparations, since the 
tubercle is known to contain DNA.* The 
“blanks” which are based upon the autolysis 
of caseous material at the corresponding pH 
also gave a ratio less than 1 (0.27 to 0.58). 

Because of this difficulty, the classical 
micro-Kjeldahl method was employed to 
determine the extent of enzymatic proteoly- 
sis when caseous tubercles were the substrate. 
The specific amino-acid test of Troll and 
Cannan ** was not available at the time this 
phase of the work was in progress. Table 2 
shows that PMN proteinase, prepared from 
either normal or tuberculous rabbits, hydro- 
lyzed about 20% of tubercle protein sub- 
strate in 24 hours; pepsin hydrolyzed only 
8.8%, and trypsin, about 35.5%. Only tryp- 
sin accomplished complete, visible liquefac- 


Taste 2.—Digestion of Caseous Tubercles by Purified Proteolytic Enzymes 


Proteinase 
PMN (normal rabbits) 


Per Cent 
Enzyme Initial Final Protein 
Concentra- Protein N,t Protein N,t Hydrolyzed 

tion * Mg. Mg. in 24 Hr.t 
0.07 1.37 1.07 22.0 
0.05 1.79 1.46 18.5 
0.05 1.2 1.14 8.8 
0.07 1.35 0.87 35.5 


* Milligrams of tyrosine liberated in 10 minutes from hemoglobin by 0.2 ml. of enzyme solution under experimental 


conditions (see text). 

final volume of 1 ml. 
+ Includes the enzyme protein added. 
t At the pH optimal for each enzyme. 
§ per milliliter. 
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Each tube contained 10 mg. of dry tubercle material, the appropriate buffer, and enzyme in a 
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tion of the firm, caseous particles. With the 
other enzymes tested, small firm visible resi- 
dues of caseous material remained floating in 
the ambient fluid. Activation by -S H com- 
pounds was not tried, since it was found that 
they had no effect when hemoglobin or casein 
was used as substrate. 

C. Action of PMN Proteinase on Syn- 
thetic § Peptides—The data presented in 
Table 3 shows the hydrolysis of t-leucine- 
amide (LA), t-leucylglycine (LG), and 
L-leucylglycylglycine (ILGG) by the partially 
purified PMN proteinase. According to the 
classification of Bergmann,’® it possesses 


TaBLeE 3.—Hydrolysis of Peptides by PMN 


Proteinase 
Enzyme: 0.1 ml. partially purified leucocytic proteinase 
Substrate: 0.1 ml. of 0.1 M peptide 


Buffer: 0.1 ml. of 0.6 M acetate, pH 4.0 
Activator: 0.1 ml. of 0.06 M sodium thioglycollate 
Temperature: 37 C (for 24 hr. with toluene) 


Per Cent Hydrolysis 


Sodium 
No 
Substrate Activator glycollate 
Benzoy!-L-arginineamide (BAA).... 0 
L-Leucineamide 78 26.8 
10.0 10.0 
on 9.0 35.4 
0 0 
0 0 
L-Leucylglycylglycine .............. 9.9 15.3 


L-leucine aminopeptidase activity. It differs 
from the LA-exopeptidase of intestinal 
mucosa described by Smith and Bergmann ** 
in that its activity was not increased by Mn** 
ions. It is interesting to note that with 
dipeptides and tripeptides as _ substrates, 
reducing compounds such as sodium thiogly- 
collate increased the activity of the partially 
purified enzyme. When hydrolyzing a pro- 
tein substrate, the same enzyme preparation 
required no metal activator nor was its activ- 
ity increased by -S H compounds. Very 
likely we have a mixture of endopeptidases 
and exopeptidases in our partially purified 


§ Dr. Jesse F. McClendon, of Philadelphia, sup- 
plied most of these peptides. Dr. Emil L. Smith, of 
the University of Utah, supplied a generous 
amount of t-leucineamide. 


preparation. There was no evidence of a 
peptidase with an optimum hydrolysis at pH 
8.0, indicating the absence of Opie’s pro- 
teinase.'® 

COMMENT 


Our aim in this work was to isolate an 
active proteinase from PMN cells of normal 
and tuberculous rabbits and to test its ability 
to digest (liquefy) caseous tubercles. Only 
part of this objective has been realized. We 
have isolated and concentrated a potent leu- 
cocytic proteinase and have demonstrated its 
ability to digest tubercle protein. However, 
the proteinase from tuberculous rabbits was 
no more active in this respect than that 
obtained from normal controls. Only trypsin, 
of the enzymes tested, produced in vitro 
liquefaction of firm, caseous tubercle parti- 
cles. This observation concerning the com- 
plete digestion of caseous tubercles by means 
of trypsin is in harmony with the current 
clinical use of crystalline trypsin for the 
removal of necrotic tissues and exudates. 

Since we washed the tubercles thoroughly 
prior to use, it is doubtful that a native 
inhibitor in them is responsible for lack of 
liquefaction by PMN proteinase. It is pos- 
sible that with our method of isolation and 
concentration of the proteinase we may have 
missed a trypsin-like enzyme in PMN cells 
from tuberculous rabbits. Weiss and co- 
workers ‘ obtained a cell-free extract from 
rabbit PMN cells which hydrolyzed gelatin 
and casein at pH 8.0, but this preparation did 
not attack denatured hemoglobin. Dannen- 
berg and Smith ** recently reported a pro- 
teinase in saline extracts of beef lung with an 
optimum at pH 8.4, but they found it to be 
relatively unstable and did not attempt its 
purification. Fleisher *° has shown that sus- 
pensions of human leucocytes contain sev- 
eral dipeptidases and tripeptidases with an 
optimum at about pH 7.0. None of our 
preparations were active at pH 7.0. Such 
enzymes, if present in rabbit leucocytes, 
may be the enzymes concerned in the com- 
plete softening of tubercles. It should also 
be noted that the PMN cells obtained by 
intra-abdominal injection of saline are young 
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cells, liberated directly from the bone mar- 
row. They have not been in the rabbit's 
circulation for any length of time ** and may 
not have had sufficient time to synthesize the 
enzyme systems which are present in the 
PMN cells of an inflammatory exudate sur- 
rounding a tubercle which is about to undergo 
softening. It is possible also that in the 
immediate region of a tubercle and under 
the influence of the intense allergic inflam- 
mation produced by living tubercle bacilli, 
leucocytic proteinase may be more active. 
This is suggested by the recent work of 
German investigators." 

Our results with crystalline trypsin (where 
hydrolysis of about 35% of tubercle protein 
was accompanied by complete liquefaction 
of the particles) give support to our sug- 
gestion ® that softening in vivo may reach 
the grossly visible “buttery” stage when only 
a small amount of the structural protein 
reticulum has been hydrolyzed. A specific 
proteinase may hydrolyze perhaps as little 
as 10% of the total tubercle protein in vivo 
and thus produce the softened, viscous “but- 
tery” tubercle. 

In our experience, firm caseous tubercle, 
excised from rabbit lungs, may undergo 
extensive autolysis in vitro, without grossly 
observable liquefaction. The tubercle parti- 
cles remain fairly firm and solid. Unless one 
invokes the loss of inhibitors or the appear- 
ance of activators in the tubercle, it would 
appear that the enzymes involved in caseous 
liquefaction originate in or are activated by 
some agent coming from outside the tubercle, 
which enters it via the circulation at the 
periphery of the caseous area. There is both 
direct || and indirect evidence for the hy- 
pothesis that one of the formed elements of 
the blood is the source of enzyme concerned 
in liquefaction. Even though the pathogenesis 
of this phenomenon may be a complex 
process, as suggested by Canetti,** we be- 
lieve that we have developed a logical ap- 
proach to the solution of the problem by 
testing the proteolytic properties of the 


|| References 6 and 22. 
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formed elements which compose the inflam- 
matory area surrounding a tubercle. 


SUMMARY 


A method is described for obtaining 3 to 4 
gm. wet weight of young polymorphonuclear 
leucocytes from a full-grown rabbit. A highly 
active proteinase (cathepsin?) with an op- 
timum at about pH 4.0 was isolated from 
these cells. In addition to hydrolyzing hemo- 
globin and casein, the partially purified 
preparation contains L-leucine aminopepti- 
dase activity which is activated by sodium 
thioglycollate but not by Mn** ions. 

The PMN proteinase from both normal 
and tuberculous rabbits digested about 20% 
of the firm caseous tubercle protein. How- 
ever, only trypsin, of the proteinases tested, 
produced a degree of softening (liquefaction ) 
of caseous material similar to that observed 
in vivo. The significance of these results is 
discussed. 

Dr. Herbert L. Ratcliffe, Director of the Pen- 
rose Research Laboratories, Zoological Society of 
Philadelphia, infected our rabbits by the air-borne 
method of Wells. 
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Jaundice During 


Chlorpromazine 4 Thorazine) Therapy 


A Histologic Study of the Hepatic Lesions in Five Patients 


STUART LINDSAY, M.D., San Francisco 
and 
RICHARD SKAHEN, M.D., Oakland, Calif. 


Chlorpromazine (Thorazine) is currently 
being administered to patients for a variety 
of diseases. In addition to its use in psycho- 
neurotic and psychotic disorders, this drug 
has also been used for its antiemetic, anal- 
gesic, and sedative effects.. One complica- 
tion of this therapy is jaundice, reported 
with a frequency varying from 1.4% to 
4.8%.* 

Although a number of reports have de- 
scribed hepatic lesions in patients developing 
jaundice after chlorpromazine therapy, sev- 
eral concepts of the pathogenesis and evolu- 
tion of these lesions have been presented. 
Since the clinical and laboratory observa- 
tions made on these patients are those usually 
found in regurgitative jaundice from extra- 
hepatic biliary obstruction, some patients 
have been subjected unnecessarily to explora- 
tory laparotomy and surgical biopsy of the 
liver. 

The purposes of this report are (1) to 
describe the histopathological changes in 
biopsies of the liver of five patients who 
developed jaundice after therapy with chlor- 
promazine; (2) to discuss the pathogenesis 
and evolution of the lesion, and (3) to indi- 
cate the specific differences between this 
lesion and those found in various other types 
of regurgitative jaundice. 


Submitted for publication Oct. 1, 1955. 

From the Department of Pathology of the Uni- 
versity of California School of Medicine, San Fran- 
cisco, and the Department of Pathology, Oakland 
Veterans Administration Hospital, Oakland. 

* References 2, 3, and 12. 
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REPORT OF CASES 


Case 1.—A 55-year-old woman had had recurrent 
episodes of nausea and eructations following a 
cholecystectomy performed five years before. Jaun- 
dice had never occurred. Four weeks before entry 
into the hospital chlorpromazine (75 mg. per day) 
was administered to control nausea and nervousness. 
Three weeks before entry the dose of chlorproma- 
zine was increased to 150 mg. per day because of 
increasing nausea and vomiting. A week prior to 
entry the patient experienced severe chills, and her 
temperature became elevated to 39.5 C. Three days 
before entry jaundice and discomfort in the right 
upper quadrant of the abdomen appeared. The day 
before entry the patient noticed generalized pru- 
ritus, darkening of her urine, and acholuric stools. 
She complained of tenderness in the right upper 
quadrant of the abdomen and in the right costo- 
vertebral angle. 

Laboratory examination gave the following re- 
sults: Sulfobromophthalein (Bromsulphalein) so- 
dium test 45% retention in one hour; total serum 
bilirubin 10 mg. per 100 cc., and alkaline phosphatase 
21.1 Bodansky units per 100 cc. Serum albumin and 
globulin determinations and thymol-turbidity and 
cephalin-flocculation tests gave results in the nor- 
mal ranges. Determinations of total cholesterol and 
cholesterol esters were done daily for four days. 
The total cholesterol varied between 600 and 700 
mg. per 100 cc., and the cholesterol esters, between 
21% and 24% of the total cholesterol. 

Chlorpromazine was discontinued, and the pa- 
tient’s recovery during the next three weeks was 
uneventful. Needle biopsies of the liver were done 
at the beginning and end of the three-week period 
of observation. Icterus gradually decreased. Serum 
albumin, thymol turbidity, and cephalin flocculation 
remained normal during the three-week period. 
Corticotropin was administered (40 mg.) over a 
10-hour period. There was a prompt drop in total 
cholesterol to 300 mg. per 100 cc. accompanied by 
elevation of cholesterol esters to the normal range. 
Total serum bilirubin and alkaline phosphatase 
levels fell. Three weeks after entry into the hos- 
pital the total serum bilirubin was within the nor- 
mal range and alkaline phosphatase was 8.0 Bodan- 
sky units per 100 cc. Total cholesterol was 220 mg. 
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per 100 cc., and cholesterol esters were 70% of the 
total cholesterol. Sulfobromophthalein excretion 
was normal. 


CasE 2.—A 30-year-old Japanese man had com- 
plained of nervousness, nausea, and anorexia occur- 
ring intermittently for many months. Chlorproma- 
zine (75 mg. per day) was administered. Ten days 
later the patient complained of muscular aching, 
and the temperature became elevated to 38 C. The 
dose of chlorpromazine was decreased to 50 mg. 
per day. Eighteen days after chlorpromazine ad- 
ministration was begun, the patient complained of 
severe headache and fever and was admitted to the 
hospital. His temperature was 39.5 C and the pulse 
rate was 100. Icterus was not noted. Physical 
examination gave normal findings. Examination of 
the urine revealed a faint trace of albumin and the 
presence of bile. The icterus index was 15.2 units, 
alkaline phosphatase 4.1 Bodansky units per 100 
ce., direct bilirubin 2.4 mg. per 100 cc., and indirect 
bilirubin 0.85 mg. per 100 cc. Cephalin: flocculation 
was negative. Two days after entry icterus of the 
scleras was observed. The liver and spleen were 
not palpable. A needle biopsy of the liver was done 
nine days after entry into the hospital. Chlor- 
promazine was discontinued, and the patient made 
an eventful recovery. One month after entry, total 
serum bilirubin was 2.85 mg. per 100 cc., and one 
and one-half months after entry, 0.59 mg. per 
100 cc. 

Case 3.— A 41-year-old white man had paranoid 
schizophrenia. He received chlorpromazine (200 
mg. per day) for one month. Two weeks later 
jaundice was first observed. Approximately three 
weeks atter chlorpromazine had been discontinued, 
the icterus index was 144 units and thymol turbid- 
ity was 4 units. One month later surgical explora- 
tion of the common duct was done. No abnormali- 
ties of the extrahepatic biliary ducts, gall bladder, 
or pancreas were observed. A liver biopsy was 
done, and a week later a cholangiogram gave nor- 
mal findings. After surgery the icterus gradually 
diminished and within four weeks had disappeared. 


Case 4.—A 59-year-old white man had repeated 
episodes of pulmonary embolism resulting from 
thrombophlebitis of the legs. During his hospital 
stay the patient had many complaints, including fre- 
quent episodes of vomiting, thought to be of func- 
tional origin. Chlorpromazine (100 mg. per day) 
was administered for 17 days. Ten days later jaun- 
dice was observed. The margin of the liver was 
palpable 3 cm. below the right costal margin and 
was nontender. 


Laboratory examination gave the following re- 
sults: total serum bilirubin 20.8 mg. per 100 cc.; 
total serum protein 7 gm. per 100 cc.; albumin 4.1 
gm. per 100 cc.; globulin 29 gm. per 100 cc.; 
thymol turbidity 2.7 units; cephalin flocculation 
negative at 48 hours; serum alkaline phosphatase 
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13.3 Bodansky units; serum cholesterol 325 mg. per 
100 cc., and cholesterol esters 31% of total choles- 
terol. A cholecystogram gave evidence suggestive 
of the presence of calculi. An exploratory laparot- 
omy, however, gave normal findings, and a biopsy 
of the liver was obtained. A cholangiogram done 
at the time showed a normal biliary tract. The post- 
operative course was uneventful, and the jaundice 
gradually disappeared. Three weeks after operation 
laboratory examination gave the following results: 
total serum bilirubin 0.8 mg. per 100 cc.; total 
serum protein 7.2 gm. per 100 cc.; albumin 4.6 gm. 
per 100 cc.; globulin 2.6 gm. per 100 cc.; thymol 
turbidity 1 unit; serum alkaline phosphatase 4.1 
Bodansky units; cephalin flocculation negative at 
48 hours; cholesterol 216 mg. per 100 cc., with 
cholesterol esters 73% of total cholesterol. 

Case 5.—A 73-year-old white man had intermit- 
tent claudication. Tolazoline (Priscoline) was pre- 
scribed, but in error the patient received chlor- 
promazine (50 mg. per day) for 19 days. Four days 
later mild malaise, chills, and elevation of tempera- 
ture to 37.8 C was noted. Eleven days after chlor- 
promazine had been discontinued, mild diarrhea oc- 
curred. The following day icterus of the skin was 
observed, and the urine was found to be dark and 
the stools acholuric. Slight pruritus was present. 
On admission to the hospital moderate icterus was 
observed. The margin of the liver was palpated 
approximately 9 cm. below the right costal margin 
and was nontender. The spleen was not felt. Lab- 
oratory examination gave the following results: 
total serum bilirubin 5.7 mg. per 100 cc.; total 
serum protein 7.2 gm. per 100 cc.; albumin 3.8 gm. 
per 100 cc.; globulin 3.4 gm. per 100 cc.; thymol 
turbidity 3 units; serum alkaline phosphatase 31.8 
Bodansky units; total cholesterol 565 mg. per 
100 cc. ; and cholesterol esters 18% of total. Initially 
the icterus increased, the spleen became palpable, 
and a weight loss of 15 Ib. (6.8 kg.) occurred. The 
patient felt well, and his appetite was good during 
the entire illness. Six weeks after the onset of 
jaundice improvement was noted, and a needle 
biopsy of the liver was obtained. Corticotropin (25 
mg. daily) was administered, and improvement 
continued. One month later the margin of the liver 
was still palpable approximately 6 cm. below the 
right costal margin, and the tip of the spleen was 
still palpable. Total serum bilirubin had fallen to 
0.2 mg. per 100 cc., and serum alkaline phosphatase, 
to 13.3 mg. per 100 cc. Cholesterol was 202 mg. per 
100 cc., and cholesterol esters were 63% of total 
cholesterol. 


MICROSCOPIC DESCRIPTION 


The histologic appearance of the hepatic 
tissue observed in each of the biopsies was in 
general similar. The portal areas showed lit- 
tle or no alteration. The small bile ducts 
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were lined by uniform cells of normal appear- 
ance and were not dilated. None contained 
bile. The hepatic arterial branches and the 
portal venous tributaries were normal in 
appearance. In four of the livers the portal 
areas displayed slight increases in cellular 
content, consisting of lymphocytes and fewer 
neutrophilic and eosinophilic leucocytes ( Fig. 
1). These inflammatory cells did not extend 
into the hepatic lobules. Normal amounts of 
collagen were observed in the portal spaces. 

The hepatic parenchymal cells generally 
showed a moderate degree of swelling, re- 


Fig. 2 (Case 1).—Cen- 
tral portion of hepatic 
lobule displaying mild 
parenchymal cellular 
swelling and nuclear pleo- 
morphism. Hematoxylin 
and eosin; reduced slight- 
ly from mag. x 200. 
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Fig. 1 (Case 5).—Por- 
tal area showing slight 
increase in number of in- 
flammatory cells. The 
small bile ducts are nor- 
mal. Hematoxylin and 
eosin; reduced slightly 
from mag. 200. 


sulting in narrowing or obliteration of the 
hepatic sinusoids, which contained few or 
no red blood cells (Fig. 2). Parenchymal 
cellular swelling was particularly pronounced 
in the central third of each hepatic lobule. 
In the lobules of some livers the central 
sinusoids appeared wider although empty. 
Some single hepatic cells were degenerating 
and were characterized by fragmentation of 
cellular membranes and nuclear fading or 
pyknosis. A few cells displayed hyaline de- 
generation of the cytoplasm. In some in- 
stances individual parenchymal cells had 
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Fig. 3 (Case 5).—Cen- 
tral portion of lobule 
showing collapse of retic- 
ulum resulting from loss 
of a few parenchymal 
Laidlaw connective 
stain; reduced 
slightly from mag. x 500. 


cells. 
tissue 


disappeared, allowing the supporting reticu- 
lum to collapse and condense, although the 
fibrillary structure of this substance was re- 
tained (Fig. 3). As a rule the cytoplasm of 
the hepatic parenchymal cells was finely 
granular and uniform, although in the altered 
central parenchymal cells the cytoplasm was 
more granular and coarse. Normal amounts 
of glycogen were demonstrable by the peri- 
odic acid-Schiff method even in the pa- 
renchymal cells near the central portions of 
the lobules. In one liver a few large lipid 
vacuoles were observed in a few of the cen- 
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tral parenchymal cells. Smaller vacuoles, 
presumably lipid, were observed in central 
parenchymal cells of the other livers. Some 
centrally placed parenchymal nuclei con- 
tained large clear vacuoles, some of which 
were stained by the periodic acid-Schiff 
method. 

In the biliary canaliculi of the inner third 
of most lobules were numerous oval or round 
masses of greenish-brown bile pigment (Fig. 
4). None was visible in the canaliculi of the 
outer two-thirds of the hepatic lobules. The 
cytoplasm of the central hepatic cells usually 


Fig. 4 (Case 3).—Cen- 
tral portion of lobule with 
masses Of bile in canalic- 
uli. Even the fine radicles 
between individual cells 
contain this substance. 
The pigment granules in 
the parenchymal cells are 
lipofuchsin. Hematoxylin 
and eosin; reduced slight- 
ly from mag. x 500. 
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contained granular brown pigment which, 
unlike the bile masses, stained with fuchsin 
and was identified as lipofuchsin. 

In one liver the reticuloendothelial sinus- 
oidal cells throughout the lobules were filled 
with brown iron-pigment granules. Com- 
parison of the two biopsy specimens from 
Case 1 showed smaller amounts of bile pig- 
ment in the central biliary canaliculi in the 
second biopsy sample, but with larger 
amounts in the reticuloendothelial cells lin- 
ing the central sinusoids. 

Moderate alkaline phosphatase activity * 
was demonstrable along the sinusoidal base- 
ment membranes. No differences were ob- 
served in the central or peripheral portions 
of the lobules. There was also moderate acid 
phosphatase activity* in the cytoplasm of 
the reticuloendothelial cells of the sinusoids 
and pronounced activity in the bile masses 
in the biliary canaliculi. 

Each of the five livers displayed some de- 
gree of regenerative activity of the hepatic 
parenchymal cells characterized by nuclear 
pleomorphism, enlargement, and hyperchro- 
matism. The larger nuclei as a rule contained 
enlarged nucleoli. Mitoses were few. These 
evidences of regeneration were usually 
more pronounced in the central portions of 
the lobules but were observed peripherally 
as well. 

COM MENT 


A few reports have described the histologic 
alterations of the liver in eight patients who 
developed jaundice after administration of 
chlorpromazine. Winkelman® found  evi- 
dence of chronic hepatic injury and sug- 
gested that jaundice might be precipitated 
in patients having previous hepatic insuffi- 
ciency. Boardman® described the autopsy 
findings in a jaundiced patient. The liver 
was enlarged and histologic examination 
supported a diagnosis of “toxic hepatitis.” 
The livers of two patients were examined by 
biopsy by Lemire and Mitchell.’ Plugging 
of biliary canaliculi and focal inflammatory 
infiltration were observed, but there was no 
cellular degeneration. Grytting * described a 
biopsy specimen showing biliary obstruction, 
regressive changes, and interstitial inflamma- 
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tion of the hepatic tissues. Zatuchni and 
Miller * reported a single biopsy which re- 
vealed preservation of the hepatic architec- 
ture with infiltration of the portal areas by 
inflammatory cells. Since the peripheral 
hepatic cells were degenerating, the process 
was interpreted as an acute cholangiohepati- 
tis. Of the four cases of chlorpromazine jaun- 
dice reported by Loftus and co-workers,"® a 
liver biopsy in one showed stasis of bile. par- 
ticularly near the efferent veins. The lesion 
was thought compatible with that resulting 
from extrahepatic obstruction of the major 
bile ducts. Harnett *' found bile pigment to be 
mainly centrilobular and in small canaliculi. 
Smaller amounts were found in central pa- 
renchymal cells which otherwise were normal. 
Increased numbers of lymphocytes and his- 
tiocytes were observed in the portal tracts, 
although fibrosis was not present. The lesion 
was thought to resemble that of cholangiolitic 
hepatitis. The most recently reported biopsy 
was that of Stacey and co-workers.'* The 
portal areas were infiltrated with lympho- 
cytes and plasma cells, which had not spread 
to the adjacent lobules. Bile pigment was 
observed in biliary canaliculi and in paren- 
chymal and Kupffer cells. This lesion was 
interpreted as progressive intralobular biliary 
stasis with nonsuppurative cholangiolitis. 


The etiology of jaundice occurring during 
administration of chlorpromazine is not 
known. There is no apparent relation to age 
or sex of the patient. However, the fre- 
quency of jaundice is higher in patients re- 
ceiving higher doses for longer periods.? It 
has been suggested that the hepatic lesion 
results from hypersensitivity.’ The fact that 
jaundice rarely appears during the first week 
of administration suggests an “incubation 
period.” Chills and fever preceding the onset 
of jaundice are not infrequent. Urticaria and 
asthma occurred in 13% of the patients re- 
ported by Lehmann and Hanrahan.' Allergic 
eczematous reactions of the skin from con- 
tact with the drug have also been described 
in nursing personnel.’ Eosinophilia occurred 
in two patients, with levels of 7% and 17%, 
respectively.’ Although mild eosinophilic in- 
filtration may be observed in the hepatic 
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lesions, hypersensitivity as the principal 
mechanism in the hepatic injury has not 
been proved. In contrast to most other 
hypersensitivity reactions to edrugs, re- 
administration of the drug following regres- 
sion of jaundice does not result in recurrence 
of jaundice."* 

Cohen and Archer ** have concluded that 
chlorpromazine is not hepatotoxic even after 
prolonged administration, and they believe 
that jaundice is the result of individual idio- 
syncrasy to the drug. A further suggestion 
has been made that stasis of bile in canaliculi 
might be due to poor hydration and in- 
creased viscosity of bile secondary to hepatic 
cellular injury.+ No evidence has been pre- 
sented, however, indicating that bile in these 
patients is more viscous than normal. Other 
investigators, impressed by the portal in- 
flammatory reaction, have regarded the lesion 
as a pericholangitis t and account for bile 
stasis and jaundice by peripheral lobular 
biliary obstruction. 

A more tenable explanation of the etiology 
of the hepatic injury is direct toxic injury 
to the hepatic cells, although this injury ap- 
pears to be extremely mild. 

The lesion observed in this study resembles 
only those which have been described as 
occurring after administration of methyl- 
testosterone,'* thiouracil,’® and arsenic.’® As 
in chlorpromazine jaundice, the results of 
laboratory examinations in these instances 
indicated obstructive regurgitative jaundice 
with little or no evidence of hepatic cellular 
damage. 

Unlike other toxic injuries of the liver due 
to infectious agents (viral hepatitis), halo- 
genated hydrocarbons, and arsenic, hepatic 
injury resulting from chlorpromazine is mild. 
Only minimal cellular degeneration and ne- 
crosis of individual central cells are observed. 
Unlike other toxic injuries, the degree of 
cellular swelling within the hepatic lobules 
does not interfere with blood flow to the 
central portion of the lobule with resulting 
extensive centrilobular necrosis.'’ That cel- 
lular injury is minimal is also indicated by 


+ References 9 and 12. 
t References 9, 11, and 12. 
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the usual finding of normal levels of plasma 
proteins and normal thymol-turbidity and 
cephalin-cholesterol-flocculation tests, even 
though jaundice may persist for several 
weeks. In this study the absolute levels of 
cholesterol esters of three patients studied re- 
mained normal, although hypercholesteremia 
was present initially. 

Since the evident cellular swelling in the 
livers of patients jaundiced after administra- 
tion of chlorpromazine is principally cen- 
trilobular, it is proposed that this central 
cellular swelling compresses and occludes 
only the central biliary canaliculi, thus result- 
ing in accumulations of bile pigment only in 
the central portion of the lobule. In severer 
toxic injuries in which centrilobular necrosis 
occurs, the central cells cease producing bile 
and none collects in the central canaliculi. 
In infectious hepatitis evidences of bile stasis 
may be seen both centrally and peripherally 
in the lobule. Presumably the bile observed 
in the central necrotic zones was produced 
by the central cells before their destruction. 
In chlorpromazine jaundice the bile is found 
both in the canaliculi between the plates of 
liver cells and in the tiny radicles between 
individual parenchymal cells. Himsworth 
has pointed out that in infectious hepatitis 
even slight swelling of parenchymal cells 
could not fail to obstruct these fine canaliculi. 

The lesion resulting from chlorpromazine 
administration is unlike that encountered in 
the livers of patients developing jaundice 
from external biliary obstruction.§ Evidences 
of stasis of bile invariably are found only in 
the central portions of the hepatic lobules, 
whereas in jaundice resulting from external 
biliary obstruction plugs of bile pigment may 
be found in any portion of the lobule, includ- 
ing its periphery. In the external obstruc- 
tive process alterations of the portal spaces 
including cholangitis and fibrosis eventually 
appear. In the earlier stages, at least, of the 
external biliary obstruction histologic evi- 
dences of hepatic parenchymal injury are 
not found. 

In this study inflammation of the liver was 
minimal in four of the five biopsy specimens 


§ Lindsay, S., and Skahen, R.: Unpublished data. 
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studied and was confined to the portal areas. 
No inflammatory cells were present within 
the lobules. Furthermore, the inflammatory 
reaction did not extend from the portal areas 
into the peripheral portions of the lobules, a 
finding characteristic of cholangiolitic hepa- 
titis or cirrhosis.|| 
SUMMARY 


The clinical and laboratory records and 
descriptions of the histologic lesions of the 
livers of five patients who developed jaundice 
after administration of chlorpromazine are 
presented. 

The hepatic lesion disclosed by biopsy is 
different and easily distinguishable from that 
occurring in external biliary obstruction, 
from various other forms of severe toxic 
hepatitis, and from cholangiolitic biliary hep- 
atitis or cirrhosis. 

Cellular injury is mild and reversible and 
principally centrilobular. Bile stasis is con- 
fined to the central biliary canaliculi. 

The hepatic lesions which may result from 
administration of chlorpromazine can be dif- 
ferentiated in needle biopsies of the liver 
from those associated with external biliary 
obstruction. 

Dr. V. M. Sborov, Dr. F. R. Dutra, Dr. K. 
Shimizu, and Dr. H. J. Schneider granted permis- 
sion to use the clinical records in Cases 1, 2, and 


3, and Mr. Hal Strong did the photography. Cases 
4 and 5 have been cited in a recent clinical report.?° 
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in Ganglion Collls 


in Dehydration, 


HUGO C. PRIBOR, Ph.D., M.D., St. Louis 


INTRODUCTION 


Histopathological alterations in autonomic 
ganglion cells in ganglia obtained at autopsy 
after death due to disease* and poisoning * 
and in ganglia removed surgically in the 
treatment of patients with peripheral vascu- 
lar disease * have been reported frequently. 
Specific relationships of such alterations in 
ganglion cells to specific pathological states 
have not been recognized, but they have 
been regarded as indicative of alterations in 
the functioning of the autonomic nerves. The 
most commonly observed alterations in gan- 
glion cells, such as shrinkage, vacuolation, 
neuronolysis, and reduction in chromidial 
substance, occur in a wide variety of patho- 
logical states; consequently, they cannot be 
regarded as specifically related to any specific 
pathological state. Some histochemical altera- 
tions in ganglion cells may be specifically 
related to certain pathological states, but 
proof of such relationships as yet is not 
forthcoming. Data relative to alterations in 
ganglion cells that are associated with known 
pathological states, therefore, should be ad- 
vantageous. Since fever, dehydration, and 
inanition are common accompaniments of 
disease, data relative to morphological and 
histochemical alterations in. ganglion cells 
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obtained from animals with induced fever, 
dehydration, and inanition may afford criteria 
for the evaluation of the functional state of 
the autonomic nerves in disease. The present 
investigation has been undertaken to obtain 
additional data relative to alterations in 
ganglion cells in these pathological states. 


MATERIAL AND METHODS 


Sixteen cats were used. Ganglia were removed 
from four apparently normal animals to serve as 
controls. Fever was artificially induced by the 
parenteral administration of 2,4-dinitrophenol. It 
was given intravenously to one animal in sufficient 
quantity to maintain a rectal temperature of 103 F 
for eight hours (65 mg/cc., initial dose 0.9 cc. fol- 
lowed by 0.1 cc/hour), and to two others intra- 
peritoneally in sufficient quantity to maintain a 
rectal temperature between 102 F and 103 F for 
three days (approximately 2 cc. per day in divided 
doses). Two other cats had fevers of unknown 
causes at the time they were obtained. Their rectal 
temperatures fluctuated between 102.5 F and 105 F 
during the next three days. Sympathetic ganglia 
were removed from them after the third day. 


Four cats were subjected to dehydration. Two of 
them were deprived of all fluid intake, one for a 
period of one week (losing 15% of its initial body 
weight) and the other for two weeks (losing 28% 
of its initial body weight). The other two, each 
of which weighed 10 Ib. (4.5 kg.), were dehydrated 
rapidly by the parenteral administration of a hyper- 
tonic dextrose solution. One animal received 300 
cc. and the other 500 cc. of a 25% dextrose solution 
intravenously. They were then deprived of all fluid 
intake for three days and were killed. The first 
animal lost 12% and the second, 22%, of its initial 
body weight. 

Three cats were subjected to inanition. One was 
deprived of all food and water for one week. An- 
other was deprived of all food for two weeks. The 
third was deprived of all food for three weeks. 

All the animals were anesthetized with pentobar- 
bital sodium for the removal of ganglia, which were 
fixed immediately. Ganglia from every animal were 
prepared by ordinary staining methods and by histo- 


91 


mer 
efe 
ng 
Parse 


che:nical techniques. The latter included the Feul- 
gen reaction, the periodic acid-Schiff reaction car- 
ried out on Raynaud's fixed ganglia, the method of 
Gomori ® for alkaline and acid phosphatase activity, 
the acid silver nitrate block method ® for the identi- 
fication of ascorbic acid, and Elftman’s method * for 
the visualization of the Golgi apparatus. 


EXPERIMENTAL DATA 


Morphological Alterations.— No pro- 
nounced changes were observed grossly in 
any of the ganglia removed. The most strik- 
ing morphological change observed micro- 
scopically in the ganglion cells is shrinkage. 
It appears in preparations of the ganglia of 
all the experimental animals in varying 
degrees, but is least marked in those of the 
animals with fever and most marked in those 
of the starved animals. Some ganglion cells 
from animals with fever exhibit a very slight 
cloudy degeneration at the periphery of the 
cytoplasm. The ganglion cells from the 
animals that were procured with fever are 
essentially similar to those from the animals 
with experimentally induced fevers. In the 
dehydrated animals, particularly those that 
were rapidly dehydrated, the only apparent 
morphological change in the ganglion cells 
is somewhat more marked shrinkage than 
is observed in those of the febrile animals. 
In the starved animals the shrinkage of the 
ganglion cells is still more marked. In the 
severely starved animal vacuoles are also 
observed in some of the ganglion cells. 

Histochemical Alterations. — Cytoplasm: 
The cytoplasm of most of the control gan- 
glion cells, when exposed to oxidation with 
periodic acid and treated with Schiff’s 
reagent, exhibits a fairly deep red stain of 
varying intensity. Most of the remaining 
ganglion cells are stained faintly pink. The 
red color does not appear when the sections 
are subjected to digestion with malt diastase 
prior to staining. This indicates that the 
material in question is glycogen. 

The ganglion cells of the animals subjected 
to fever contain no periodic acid-Schiff-posi- 
tive material. Those of the slowly dehydrated 
animals exhibit much less glycogen than 
those of the control animals. Those of the 
rapidly dehydrated animals and the animals 
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subjected to inanition exhibit no glycogen in 
the cytoplasm, but a periodic acid-Schiff- 
positive material that is not digested when 
treated with malt diastase is present. The 
ganglion cells of the moderately dehydrated 
animal contain much less of this material 
than those of the severely dehydrated one. 
The ganglion cells of the severely starved ani- 
mal are almost devoid of periodic acid-Schiff- 
positive material. 

Preparations of ganglia of control animals 
exhibit variation in the amount and the dis- 
tribution of chromidial substance in the cyto- 
plasm of the ganglion cells, but most of them 
have an abundant supply. The control gan- 
glion cells give evidence of large amounts 
of acid phosphatase activity but little evidence 
of alkaline phosphatase activity. They also 
exhibit an abundance of granules indicative 
of ascorbic acid in the cytoplasm. These 
granules may be distributed fairly uniformly, 
or they may be concentrated in a limited 
area, frequently near the nucleus or around 
it, in the position commonly occupied by the 
Golgi apparatus. 

Chart 1 illustrates the variations in chro- 
midial substance, alkaline and acid phospha- 
tase, and ascorbic acid in the ganglion cells 
of the experimental animals. The amount 
of each substance in the control ganglion 
cells is represented as 4+ to serve as a basis 
of comparison irrespective of the actual 
quantity present. The ganglion cells of all 
the experimental animals are compared with 
those of the control animals. 

The chromidial material is increased in 
amount in fever and rapid dehydration and 
is decreased in all of the other experimental 
conditions. The phosphatases are reduced in 
all of the experimental conditions. Ascorbic 
acid is unchanged in rapid dehydration and 
reduced in all .of the other conditions. In 
the ganglion cells of the severely starved 
animals all of these substances are markedly 
reduced except ascorbic acid. It is most 
markedly reduced in the ganglion cells of 
the slowly dehydrated animals. 

The Golgi network is prominent in the 
control ganglion cells. It may be scattered 
diffusely or concentrated around the nucleus 
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Chart 1.—Histochemical 


at one pole. In the ganglion cells of the 
animals subjected to fever the Golgi material 
is reduced and appears in the form of diffuse 
black granules. In those of the dehydrated 
animals the Golgi network is fragmented 
and appears in the form of hypertrophied 
Golgi bodies that almost completely fill the 
cytoplasm of most of the ganglion cells. In 
the ganglion cells of starved animals the 
Golgi material decreases progressively as the 
period of starvation increases. Only a few 
small granules appear in those of the severely 
starved animal. 


Nucleus: As compared with control prep- 
arations, the nuclei of the ganglion cells of 
all the experimental animals are somewhat 
eccentric in position and reduced in size. 
Frequently the nucleus is located near the 
periphery of the cell. Many nuclei appear 
less intensely stained than those of the con- 
trol cells, but the nucleoli are larger and 
more intensely stained. In some of the gan- 
glion cells of the severely starved animal 
the nucleus is very pale and the nucleolus 
is hardly visible. 


The nuclei of the control ganglion cells 
exhibit but little Feulgen-positive material, 
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but they give evidence of some alkaline 
phosphatase activity in the nuclear membrane 
and in the nuclear sap, presumably on chro- 
matin fibers. The nucleolus stains intensely, 
indicating abundant alkaline phosphatase 
activity. Acid phosphatase activity is abun- 
dant in the nucleus and the nucleolus of 
control ganglion cells. Chart 2 illustrates 
the changes in deoxyribonucleic acid and 
acid and alkaline phosphatase activity in the 
nuclei of the ganglion cells of the experi- 
mental animals. Deoxyribonucleic acid is 
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Chart 2.—Histochemical changes in the nucleus. 
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slightly reduced in the ganglion cells of all 
the experimental animals. The phosphatases 
are not reduced in the nuclei of the ganglion 
cells of the febrile animals, but they are 
markedly reduced in those of both the de- 
hydrated and the starved ones. 


COM MENT 


The pathological states experimentally 
induced in the present investigation, i. e., 
fever, dehydration, and starvation, when 
mild and not prolonged, result in moderate 
morphological and histochemical changes in 
the autonomic ganglion cells. When any one 
of these states is prolonged or severe, the 
autonomic ganglion cells exhibit marked 
morphological and histochemical alterations. 

The most consistent general morphological 
alteration observed in ganglion cells is shrink- 
age. It is a nonspecific response that may 
be related to dehydration or to a decrease 
in the total amount of protoplasm in the cells. 
Loss of protoplasm might result from in- 
creased utilization of the intracellular pro- 
teins in the metabolic response of the cell 
to stress. Vacuolation of ganglion cells, as 
observed in the severely starved animal, is 
a common histopathological change associated 
with severe pathological states. 

Alterations in the chromidial substance in 
ganglion cells in the present investigation 
varied from a marked increase in those of 
the febrile and the rapidly dehydrated ani- 
mals to diminishing amounts in those of the 
slowly dehydrated animals and almost com- 
plete absence in those of markedly starved 
animals. In all of the ganglion cells studied, 
except those from the severely starved ani- 
mals, the nucleoli are enlarged and more 
basophilic than in those in the control ani- 
mals. This seems to indicate that the rate 
of utilization or loss of nucleoproteins is 
lower than the rate of production in the 
ganglion cells of febrile and rapidly dehy- 
drated animals but higher than the rate of 
production in those of slowly dehydrated 
and moderately starved animals. 


A functional relationship of the protein- 
forming system of the nucleus, which is 


94 


A. M. A. ARCHIVES OF PATHOLOGY 


concerned mainly with deoxyribonucleic 
proteins, and the cytoplasmic nucleoproteins 
has been demonstrated.¢ The diminution of 
deoxyribonucleic acid in the ganglion cells 
in the pathological states experimentally in- 
duced in this investigation suggests that it 
plays a role in the physiclogy of nerve cells. 

Since in all the pathological states induced 
in the present investigation the supply of 
glycogen in the ganglion cells is almost com- 
pletely exhausted, this substance appears to 
be utilized in supplying some of the energy 
requirements of autonomic ganglion cells. 
The synthesis of glycogen, as is well known, 
requires the intervention of enzymes, such 
as alkaline phosphatase, that are capable of 
liberating the phosphate from the phos- 
phorylated intermediaries involved. A topo- 
graphic relationship between cytoplasmic 
glycogen and alkaline phosphatase therefore 
is suggested. The parallel depletion of cyto- 
plasmic glycogen and cytoplasmic phospha- 
tase observed in this and other studies * 
tends to support this hypothesis. 

The data relative to ascorbic acid, in 
conjunction with those relative to other histo- 
chemical changes in ganglion cells, obtained 
in this study support the point of view that 
it plays an important role in the activity 
of autonomic ganglion cells. Although some 
authors have denied a relationship between 
ascorbic acid and the Golgi complex, there 
is much evidence in favor of such a relation- 
ship.§ The data obtained in the present study 
also support this hypothesis. 

A relationship between alkaline and acid 
phosphatase and the Golgi apparatus has 
been pointed out.|| A possible relationship 
between glycogen, alkaline phosphatase, and 
the Golgi apparatus is also suggested.’* The 
results of the present investigation are com- 
patible with these points of view and support 
the assumption that the condition of the Golgi 
apparatus in autonomic ganglion cells is 
indicative of their functional state. 


+ References 8 through 11. 
t References 13 and 14. 
§ References 10 and 15. 
|| References 16 and 17. 
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Alkaline phosphatase is associated with 
the nuclei of cells { and, therefore, plays an 
important role in some of the chemical ac- 
tivities of the nucleus.*° That it is concerned 
with nucleic acid synthesis has also been 
suggested.# The parallel reduction of nucleic 
acid and alkaline phosphatases, observed in 
the present investigation, suggests the exist- 
ence of such a relationship. In agreement 
with data reported by others,* a relationship 
between acid phosphatase activity and nucleo- 
protein metabolism is also suggested. 

As is apparent in Charts 1 and 2, some of 
the histochemical alterations in the ganglion 
cells observed in the present investigation 
vary widely in the several induced patho- 
logical states. Alterations in certain of the 
chemical constituents of the ganglion cells, 
therefore, appear to be more specifically 
related to one or another of these pathological 
states than to the others. Similar data rela- 
tive to histochemical alterations in ganglion 
cells in disease, consequently, should be 
helpful in evaluating the functional state of 
the autonomic nerves in specific diseases. 


SUMMARY 


In cats with experimentally induced fever, 
cats dehydrated by deprivation of liquids, 
and cats deprived of food, the most inarked 
morphological alteration observed in the 
autonomic ganglion cells is shrinkage in 
varying degrees. The chromidial substance 
undergoes progressive alteration. In animals 
with fever it is increased. In dehydrated and 
starved animals it is decreased. In all the 
experimental animals the glycogen content 
of the ganglion cells is depleted. The ganglion 
cells of the dehydrated and the starved ani- 
mals show periodic acid-Schiff-positive ma- 
terial in moderate amounts both before and 
after digestion with diastase. Alkaline phos- 
phatase activity is reduced in the ganglion 
cells of the animals with fever and almost 
obliterated in those of the dehydrated and 
the starved ones. The Golgi apparatus is 
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reduced and fragmented in the ganglion cells 
of the animals with fever. In those of de- 
hydrated and starved animals it undergoes 
early hypertrophy followed by progressive 
diminution, and the ascorbic acid content is 
markedly reduced. The significance of these 
alterations in relation to ganglion cell metabo- 
lism and function is discussed. 
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News and Comment 


SOCIETY NEWS 


American Association of Blood Banks.—<At the Eighth Annual Meeting of the American 
Association of Blood Banks held in Chicago, Nov. 19-21, 1955, the following officers were elected. 


President-elect : 


Dr. E. E. Muirhead, Professor of Pathology and Chairman of the Depart- 
ment, The University of Texas Southwestern Medical School, Dallas, Texas, 
and Chief, Department of Pathology, Parkland Memorial Hospital, Dallas, 


Texas 
Vice-president : 


Dr. Ralph M. Hartwell, Director, Pathology Department, Hotel Dieu, New 


Orleans 
Secretary : 


Miss Marjorie Saunders, LL.B., Director of Public Relations, Baylor Uni- 
versity Hospital, Dallas, Texas 
Dr. Richard Lewisohn of New York City was presented the Karl Landsteiner Award in 
Blood Banking in recognition of his contributions in this area. 
American Society of Clinical Pathologists.—At the recent meetings of the American 
Society of Clinical Pathologists, held in Chicago, Dr. Emma S. Moss, of New Orleans, was 
installed as president, and Dr. John L. Goforth, Dallas, Texas, was made president-elect. 


American Board of Pathology.—The American Board of Pathology has elected the 


following officers for the coming year : 
President, Shields Warren, Boston 


Vice-President, William B. Wartman, Chicago 

Secretary-Treasurer, Edward B. Smith, Indianapolis 
All correspondence concerning Board matters should be sent to Dr. Edward B. Smith, 1040-1232 
W. Michigan St., Indianapolis. The next examination of the Board will be held at Harvard 


Medical School, Boston, April 18-20, 1956. 
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Books 


Symposium on Atherosclerosis. National Research Council No. 338. By Dr. Irvine H. 
Page, Chairman, and 25 other participants. Price, $2.00. Pp. 249, with 78 figures and tables. 
National Academy of Sciences, 2101 Constitution Ave., Washington 25, D. C., 1955. 


The monograph which summarizes this symposium contains a great deal of recent material 
on the etiology and pathogenesis of atherosclerosis. In twenty-three papers, plus an introduction, 
discussions, and sectional summaries, recognized leaders in research present and analyze pertinent 
information on the anatomy and physiology of the blood vessels, their responses to injury and 
altered metabolism, and the role of nutrition and the metabolism of lipids and lipoproteins in 
the development of sclerotic lesions. A section is also devoted to the application of new techniques 
such as polarization optics, x-ray diffraction and absorption, and electron microscopy. 


The pathologist who is interested in increasing his knowledge of the recent work and thinking 
about atherosclerosis will find this a most informative and stimulating volume. The majority of 
the figures in the monograph illustrate gross and microscopic features of experimental work on 
this important disease. The symposium was held at the request of The Human Factors Division, 
Air Force Directorate of Research and Development. It seems to have served its purpose well, 
namely, “to gather in one volume current information bearing on the development of diagnostic 
and predictive criteria, and at the same time to bring into clearer focus the present status of 
research and the most promising avenues for future investigation.” 


Atlas postmortaler Angiogramme. By Prof. Dr. J. Schoenmackers and Doz. Dr. H. Vieten. 
Price, $12.20. Pp. 203, with 145 illustrations. Georg Thieme Verlag, Diemershaldenstrasse 
47, Stuttgart-O (American Zone), 1954. In U. S. A. and Canada, International Medical 
Book Corporation, 381 4th Ave., New York 16. 


This atlas consists of one hundred thirty-one postmortem angiograms and fourteen schematic 
drawings accompanied by a brief text, preceded by a section on technique. For each organ or 
anatomical site, an angiogram of the normal is followed by examples of various diseases. The 
regions include the lungs, brain, heart, kidneys, trunk, fetus, portal system, and major veins. 
Each section has a summary in English. The illustrations are of high technical quality and are 
surprisingly informative, not only in diagnosis but for showing the essential vascular changes 
accompanying that disease. All physicians should enjoy and profit by this atlas. Pathologists will 
dissect more carefully, see with a fresher eye, and understand more fully after studying this 
volume. 


Lehrbuch der speziellen pathologischen Anatomie. By E. Kaufmann, revised and edited 
by M. Staemmler. Price, about DM 450. Vol. 1, Part 1. Pp. 320, with 150 illustrations. 
Walter de Gruyter & Co., Genthinerstrasse 13, Berlin W 35, 1954. 


It would have been a pity if after his death Kaufmann’s Special Pathologic Anatomy would 
have been left to oblivion. The “bible,” as it was called so often by those seeking information, is 
now being reissued and edited by Staemmler with the aid of a number of contributors. The 
first part of the first volume which is now available deals with diseases of the heart and blood 
vessels, but stops abruptly in the middle of the chapter on arterial aneurysms. It is written by 
Staemmler and follows in general the organization laid down by Kaufmann. The volume is 
brought up to date and new references have been added, including many of American investi- 
gators. However, if some of the old references referring to case reports or insignificant hypoth- 
eses, etc., had been dropped, it would be easier to find the more important sources. Why not 
start somewhere with a good review article and bring the more important references from there 
up to date? While the seventh and eighth editions contained about seven pages on myocarditis, 
approximately thirteen pages are devoted to this subject in the new one. This discussion is very 
adequate, also including rare viral myocarditides. Rheumatic fever is treated under several 
headings. The reviewer liked this treatise particularly well, since it is unbiased and really based 
on anatomic facts. The volume is written from the point of view of the perhaps old-fashioned 
pathologist. What is missing is the close clinical-pathologic correlation that makes pathology a 
life subject. However, since all facts are given, pathologists again will use the revamped “Kauf- 
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mann” as a sort of lexicon for unusual cases, case reports, and references, and to learn the 
personal views of the author; but this volume at least lacks what today’s pathology means in 
America: morphologic changes in the light of altered biologic-clinical phenomena. 


Lehrbuch der speziellen pathologischen Anatomie. By E. Kaufmann; revised and edited 
by M. Staemmler. Price, about DM 450. Vol. 1, Part 2. Pp. 91, with 42 illustrations. Walter 
de Gruyter & Co., Genthinerstrasse 13, Berlin W 35, 1954. 


This book is the second part of Volume 1 of the new “Kaufmann.” It deals with diseases of 
the veins, capillaries, lymph vessels, and remaining items of arterial diseases. These chapters are 
adequately discussed by Staemmler. A chapter on malformation of the heart and great vessels 
written by Doerr concludes this volume. The section on veins, usually quite neglected, is 
thoroughly elucidated. Pathologists looking for unusual instances of vein pathology will 
undoubtedly find some of the answers in this book. However, one wonders about the interpreta- 
tion of certain rare tumors of veins, when reference is made to individual case reports dating 
back to the end of the last century. A better critical review of the literature rather than the 
uncritical quoting of old case reports would have been much more to the reviewer's taste. The 
chapter on malformation of the heart and great vessels gives a short and clear account of the 
normal development of the heart. This is followed in rather summarizing fashion by a dis- 
cussion of the commoner anomalies. An explanation of some of these anomalies would have 
greatly enhanced the value of this portion. Both chapters contain an abundance of information, 
but a simpler statement of facts without extraneous remarks and introductory statements would 
help the student who is not sufficiently familiar with involved scientific German. More illustra- 
tions would help in clarifying the text. 


Analytical Cytology. Edited by Robert C. Mellors, M.D., Ph.D. Price, $15.00. Pp. 511, with 
145 illustrations. The Blakiston Company (division of McGraw-Hill Book Company, Inc.), 
330 W. 42nd St., New York 36, 1955. 


The quantitative era in the study of tissues and cells at the microscopic and molecular levels 
is rapidly arriving. Therefore, it is gratifying to see the appearance of books such as this one. 
In this book are presented and discussed the nature, application, and limitations of techniques now 
used for studying chemical constituents and physical forms of cells. There are in all nine 
sections, each written by an expert(s) in the particular analytical method. The topics and 
authors are as follows: Cytophotometric Analysis in the Visible Spectrum, Pollister and 
Ornstein; Histochemical and Cytochemical Staining Methods, Novikoff ; Phase-Contrast, Inter- 
ference-Contrast, and Polarizing Microscopy, Barer; Ultraviolet Microscopy and Microspectros- 
copy, Nurnberger; Fluorescence Microscopy, Richards; The Electron Microscopy of Tissue 
Cells, Selby; Radioautography, Its Use in Cytology, Fitzgerald; Historadiography, Engstrom; 
X-Ray Diffraction Techniques and Their Application to the Study of Biomolecular Structures, 
Oster. The discussions are general and at the same time sufficiently detailed so that one 
contemplating studies using a particular method can ascertain equipment and facilities needed 
and judge how far the observations and interpretations may ‘e carried. Numerous up-to-date 
references are given at the end of each section. This book fills a void previously present in the 
compilations of methods in histochemistry and cytochemistry. It will be useful for those actively 
engaged in the use of these methods in research in tissue pathology and for those who, while 
not using these methods, wish to understand the nature of the information which is being gained 
from the observations made with them. 


The Cerebrospinal Fluid. By S. Lups, M.D., and A. M. F. H. Haan, M.D. Translated by 
Mrs. Hulbert-Schaaf and R. S. Hulbert. Price, $9.50. Pp. 350, with 93 illustrations. Elsevier 
Press, Inc., 402 Lovett Blvd., Houston 6, Texas, 1954. 


This comprehensive survey of the cerebrospinal fluid in health and disease is divided into 
four sections. The first deals with anatomical and physiological aspects, the second with tech- 
niques for obtaining specimens of fluid, the third and largest with constituents of the fluid and 
the changes found in them in a wide variety of pathological states, and the fourth with the 
methodology of microscopic and chemical examination of the fluid. 

For the clinician the most valuable portions of this book are the detailed descriptions of the 
sequence of alterations in the spinal fluid in the inflammatory diseases of the nervous system and 
meninges. 
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As a consequence of the use of the Fuchs-Rosenthal counting chamber in the Netherlands, 
the spinal fluid cell count is expressed everywhere in this book as a fraction, with three as the 
denominator. This is confusing to the American reader until he reaches the very last séction, 
where the reason for this peculiar custom is given. 


In its scope and content this work by two Dutch authors could be regarded as a worthy 
successor to the earlier monograph on the cerebrospinal fluid by Merritt and Fremont-Smith. 
It is regrettable, however, that the awkward English style and diction will retard its general 
acceptance in this country. 


Review of Medical Microbiology. By Ernest Jawetz, Joseph L. Melnick, and Edward A. 
Adelberg. Price, $4.50. Pp. 360, with 92 illustrations. Lange Medical Publications, P. O. 
Box 1215, Los Altos, Calif., 1954. 


This book is a correctly titled, well-written work containing an immense amount of informa- 
tion, Material in tabular form is used generously. Most of the ninety-two numbered illustrations 
are adequate. 


While larger type (that used is seven point) might be more expensive, it would also make the 
review more readable. 


Headings are clear and precise, and the work is generally well balanced. It should be 
especially valuable to medical students and others who already have a working acquaintance 
with medical microbiology. The chapter on Antibacterial Agents is particularly timely. The two 
chapters, Normal Microbiological Flora of the Human Body and Principles of Diagnostic 
Medical Microbiology, will be especially appreciated, since these are frequently omitted from 
textbooks of bacteriology. 


Peptic Ulcer: Diagnosis and Treatment. By Clifford J. Barborka, M.D., and E. Clinton 
Texter Jr., M.D. Price, $7.00. Pp. 288, with 33 illustrations. Little, Brown & Company, 
34 Beacon St., Boston 6, 1955. 


The authors have presented a concise and clear summary of current views on peptic ulcer, 
avoiding controversial material and emphasizing the practical aspects of diagnosis and treatment. 
The book is divided into 14 brief chapters discussing the anatomy and physiology of the stomach 
and duodenum, etiology, pathologenesis, symptomatology, diagnosis, medical treatment including 
anticholinergic drugs and other therapeutic adjuncts, prevention of recurrences and complica- 
tions, the management of various complications, surgical treatment, and the gastric ulcer problem. 
Each chapter is organized as an individual unit, though the sequence of subjects maintains a 
logical continuity of thought; references selected from the recent literature are provided for each 
chapter. The appendix is devoted to recipes for foods and sample menus commonly used in the 
treatment of peptic ulcer, a feature of special interest to dietitians and housewives preparing food 
for ulcer patients. An index provides immediate reference to various details of the subject. The 
book is printed on good paper, in a clear, easily readable type. It is recommended as a useful 
guide to the current treatment of peptic ulcer, especially for physicians in general practice. 


Clinical Physiology of the Lungs. By C. K. Drinker, M.D. Price, $5.50. Pp. 84, with 
16 illustrations. Charles C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, 
Ill., 1954. 


This small volume is a series of lectures given originally in 1950 and presumably revised. 
The author, Professor Drinker, has been engaged for many years in studying vascular, lymphatic 
and pulmonary function. The material reflects the considerable experience and thought put into 
the subject by this investigator. The book deals with the anatomy, blood flow, and mainly lymph 
flow in the lung. The author deliberately avoids much of the modern gas exchange data. Some 
of the experiments described are classical in pathology, as well as physiology. Dr. Drinker, 
although very understanding of morphology and its importance in discovering the nature of 
function, is at times disparaging to pathologists. One particular criticism, not completely unjust, 
is leveled at Welch’s experiments on the pathogenesis of pulmonary edema (1878). These 
experiments were designed to show, and did in fact show, that a decreased left ventricular 
output with a healthy right ventricle produced pulmonary edema. Drinker feels that the 
generalization derived from the experiments has been overemphasized. The contents of the 


99 


BOOKS 
re 
= 


A. M. A. ARCHIVES OF PATHOLOGY 


book provide evidence that pulmonary edema is a more complex phenomenon than this and 
thereby support his criticism. On the other hand, one finds that Professor Drinker’s observations 
regarding pulmonary infarction fall short of expectation. 


For those interested in pulmonary structure and function this book is worth while. It is also 
well worth reading by anyone ‘engaged in the teaching of introductory pathology. 


Tumors of Lymphoid Tissue. By George Lumb. Price, $5.50. Pp. 204, with 205 figures, 
3 in color. Williams & Wilkins Company, Mount Royal & Guilford Aves., Baltimore 2, 1954. 


This book presents the experience gained from the study of 410 patients with tumors of 
lymphoid tissue. It is a careful work, well presented, with clear illustrations. The author has 
considered primarily the tumors of lymphoid tissue, deliberately setting them off from the 
leukemias. He recognizes six distinct varieties of lymphoid tumors: follicular lymphoma, 
lymphosarcoma, reticular lymphoma, Hodgkin's disease, reticulum-cell sarcoma, anaplastic 
sarcoma of lymphoid tissue. These he admits may belong to three larger groups: (1) those 
in which lymphocytic proliferation predominates; (2) those with mixed-cell proliferation 
(Hodgkin's disease), and (3) reticulum-cell tumors. He believes that at this time it is wise 
to keep, for diagnostic purposes at least, his six somewhat unorthodox varieties, into which 
most tumors in his experience easily fall. Dr. Lumb recognizes the fact, which becomes 
clearer with more prolonged observations on patients, that the lymphoma becomes altered with 
time ; the direction of alteration is toward undifferentiation. This, of course, presents a problem 
in diagnostic classification and in definitive recognition of the effects of therapy. In addition to 
histologic data, statistical information is given on age incidence, presenting symptoms, survival 
rates, and primary sites. In a final section, illustrative case histories are presented. This 
monograph represents a worth-while contribution to the natural history of lymphomas. 
Pathologists should be much interested in it. 
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PARAGON STAINS PARAMOUNT QUALITY 


PARAGON STAINING SOLUTIONS 
For Tissue Sections 


Dependable—Today; Tomorrow; Every Day 


With Paragon Staining Solutions you obtain superbly stained tissue sections. The brilliance 
and sharpness of the stain without diffusion or unpredictable characteristics greatly facilitates 
diagnosis. 


HEMATOXYLIN STAIN—PARAGON (aqueous alum hematoxylin). Made from our 
own formula. Yields vivid, sharply stained blue nuclei that are really blue—not off color or 
muddy. Extremely sharp staining and selective with no diffusion. Full bodied and strong. For 
a given staining time, repeatedly duplicates depth of staining from slide to slide—every day. 
PS1101 Bottle (500 cc) $2.25 


EOSIN STAIN—PARAGON (alcoholic). A special eosin compound of our own prepa- 
ration. Produces deep brilliant red counterstains. Packed in two forms—ready to use and 
concentrated (requiring the addition of 3 parts of 95% alcohol). 
PS1201D Bottle (SCO cc) ready to use $2.25 
PS1201 Bottle (250 cc) for 1000 cc 3.00 


ELASTIC FIBER STAIN—PARAGON. Our own resorcin-fuchsin modification of Wei- 

gert’s Elastic Fiber Stain. Relieves the laboratory of the laborious work involved in the prepa- 

ration of this important stain. Stains sharply with no diffusion into other tissue components. 
PS1225 Bottle (250 cc) $2.65 


VAN GIESON STAIN—PARAGON. Especially designed to produce brilliant differential 
counterstaining with less tendency to wash out in rinsing alcohols. 


PS1250 Bottle (250 cc) $1.50 


PARAGON MULTIPLE STAIN FOR FROZEN SECTIONS. Invaluable to the Pathol- 
ogist where seconds count and the Surgeon waits for the diagnosis. A single solution which 
stains instantaneously yielding a hematoxylin-eosin like picture. No special technic. With 
Paragon Mounting Medium For Frozen Sections (water soluble) section is stained, mounted 
and under microscope in less than one minute. 

PS1301 Paragon Multiple Stain For Frozen Sections Bottle (50 cc) $2.00 


P451 Paragon Mounting Medium For Frozen Sections Bottle (25cc)  .50 


Request samples on your institution letterhead. 
Write for fully descriptive catalog number 1049 A which includes a descriptive section on staining technics. 


All prices F. O. B. New York, New York, subject to change without notice. 


Manufactured exclusively by 


PARAGON C.&C. CO.., inc. + 2540 Belmont Ave., New York 58, N. Y. 


Cable Address: Wijeno, New York. 


Write for details on the following Paragon Staining Solutions: 
ACID FAST BACTERIA STAIN ¢ CRYSTAL VIOLET STAIN ¢ GRAM’S IODINE SOLUTION 
SAFRANIN STAIN ¢ LOEFFLER’S ALKALINE METHYLENE BLUE ¢ ZIEHL-NEELSEN STAIN 
WRIGHT'S STAIN BUFFER SOLUTION FOR WRIGHT'S STAIN 
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Leitz —— Zeiss 


Spencer Vertical Binc. Research 
Circular Stage 


Graduated Mechanical Stage 
Complete with Apochromats $425.00 


Spencer 820 Microtome, $350.00 


B & L Clinical Freezing Microtome 
(like new) $225.00 


Pre-Med Types from $175.00 


Various Accessories—What are your needs? 


GUARANTEED REPAIRS 
48 Hr. Service 


Free estimates 


Monroe Microscope Service 
P.O. BOX 656 
ROCHESTER 2 NEW YORK 


. interesting information 
for your patients 
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The A. M. A.’s Bureau of Health 
Education offers pamphlets on most any 
subject . . . such as these three 
articles on old age: 


You may obtain a catalogue by writing to: 
A.M.A. BUREAU OF HEALTH EDUCATION 


535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


HOPE FOR THE AGED 
James A. Brussel 
4 pp. 10¢ 


THE PROMISE OF GERIATRICS 
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For close-ups: Hold camera so that frame is close to or For arm or leg pictures: Hold the camera 2'% feet a 
at the area to be photographed (3% x 41% inches). from subject. 


For full- or half-length studies: Hold camera as indi- 
cated by viewfinder. 


with the Kodak Technical Close-Up Outfit 


You—anyone on your staff—can master the 
how-to of this outfit in a matter of minutes. It’s 
specially designed to produce fine-quality record 
photographs in full color easily and quickly. 
Outfit includes Kodak Pony Camera with 
color-corrected lens, Kodak B-C Flasholder 
and Kodak Close-Up Flashguards A and B, 
Portra Lens with fittings, and stainless steel 
bracket and field frame. Price, $62.50. 
Camera loads with 8-exposure No. 828 
Kodachrome Film, Type F, or Kodak 
Ektachrome Fily, Type F. The exposed film 


is returned, processed and mounted, 


ready Tor projection. See your Kodak photographic dealer 

Also available—the Kodak Close-Up Kit or write for literature. 

to equip other miniature cameras for close-up . EASTMAN KODAK COMPANY 

color photography. 7 Medical Division, Rochester 4, N. Y. 


Price includes Federal Tax where applicable and is 
subject to change without notice. 
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This new single-deck model is as 
dramatic in improved efficiency as 
it is radically different in appear- 
ance from earlier Autotechnicons. 


Boon to the busy laboratory .. . 
processing or staining at will with- 
out annoyance of shifting beakers. 
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hallmark excellence in automatic tissue processing 
oye ee Write today for Booklet 2-A, for description 

of these new instruments. 
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